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1. Definitions of QM-regions and additional energetic results

Figure S1 shows the definitions of the three QM regions used in this study. The QM-A region was used to
systematically explore all possible models in three spin states and 35 BS states (per spin state) and also used in
optimizations comparing different functionals (B97-D3, r’'SCAN, TPSSh, B3LYP*, B3LYP, and TPSS). The QM-B
region was utilized to optimize the lowest-energy state for each model (according to the results of the QM-A region).
Finally, single-point calculations were carried out using the large QM-C region based on the optimized geometry of
the QM-B region.

The QM-cluster model is identical to the QM-A region but instead of an MM environment, the cluster is surrounded
by a continuum. The r’SCAN functional was used and the same basis set as in the QM/MM calculations. The CPCM
solvation model was used (relevant parameters: € = 4, refrac: 1.3300; rsolv: 1.3000; surface type: Gaussian vdW; ra-
dius for H, C, N, O, S, Fe, and Mo: 1.32, 2.04, 1.86, 1.82, 2.16, 2.40, and 2.40 A, respectively). During optimizations
of the cluster model, His195, homocitrate and Cys275 were kept frozen; this is necessary as the anionic homocitrate is
otherwise not well described and spontaneous proton transfer between His442 and homocitrate would occur. All other
atoms were allowed to move.
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Figure S1. The definitions of QM regions. The number of atoms in the QM-A, QM-B, and QM-C regions are 59, 145,
and 191 (link-atoms included), respectively.

There are 27 water molecules within 10 A of iron ions of a-FeMoco in the crystal structure (PDB: 3U7Q?%), and most
of them located arround the negatively charged homocitrate (see Figure S2a). Figure S2c¢ shows the positions of 10
water molecules in the QM-C region after optimization. Compared to the crystal structure(Figure S2b), two water
molecules labelled @ and @ have moved 2.21 and 3.7 A.
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(a)

Crystal structure (PDB: 3U7Q) Truncated crystal structure (PDB: 3U7Q) QM-C region

Figure S2. Comparison of the water molecules in X-ray structure (a and b) and the QM/MM optimized calculation
using the QM-C region. Red balls indicate water molecules. X-ray structure PDB 1D: 3U7Q".

Figure S3 shows the relative energies of models e-q (see Figure 2 in article for definitions) using different QM-region
QM/MM calculations. Also shown are the results of the QM-cluster model using a model with the same size as the
QM/MM-QM-A region. As shown, the QM/MM calculations, give a consistent trend towards convergence in going
from QM-A, QM-B to QM-C region, with some minor deviations for QM-A. The cluster model (despite having the
same QM-cluster size as the QM/MM-QM-A calculation) behaves quite different from QM/MM results, due to the
lack of protein environment around FeMoco. The QM-cluster model correctly predicts the stability associated with
2hyd-OBS models (g-1) but is not capable of correctly differentiating between the isomers, in particular due to the
lack of residues like His195 that interact with e.g. the terminal sulfhydryl group in those isomers. A QM-cluster model
that includes surrounding protein residues would be able to incorpate such effects, but this was not further explored in
this work.
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Figure S3. The relative energies of models (e-q) using the QM-A, QM-B, and QM-C regions from the QM/MM calcu-
lations compared to the QM-A-cluster model (r’2SCAN functional used). The spin states and BS solutions of each
model are the same as used for the data in Figure 2 of the manuscript.
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2. Results for a CBS,5-BH26-THs model

Figure S4 shows the results of a CBSzs-BH26-THs model that were reported to be a little higher than the lowest-energy
isomer (3H.2x.26.2bterm) in a study by Dance?. He found that there is a small energy difference between Ms = 1 and
0. We explored this model in the spin state of Ms = 0 (suggested by Dance) using all possible 35 BS solutions and our
r’SCAN-based QM/MM protocol. Our results reveal that geometry optimizations of all 35 BS solutions converged to
an isomer best described as CBS2-2THs i.€. containing two terminal hydrides at Fe6, which was found to be higher
than the lowest energy isomer (OBSs-DH,, see Figure 2k in the manuscript) by 12.3 kcal/mol (r’SCAN is used). We
note in this context that a hydride in a partially bridging hydride conformation is only classified as bridging (and
drawn as such) if both Fe-H distances were not longer than 2.0 A.
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Figure S4. All states of the CBSz6-BH26-THs () in Ms = 0 and 35 BS solutions were converged to CBSz-2THs (b)
using the QM-A region and r’SCAN. The lowest-energy state of the CBSz-2THs is 12.3 kcal/mol relative to the low-
est model OBSe-DH: (see Figure 2k in the manuscript).
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3. Results for CBS-DHs models

A H:-bound E3; model with a closed belt sulfide-bridge, CBSzs-DHs (see Figure S5) was previously found to be quite
favorable in a study by Dance.? Such a model was investigated here in a spin state of Ms = 0 (as suggested by Dance)
with all possible 35 BS solutions using the QM-A region and r’SCAN. We found that only one BS solution (BS257)
resulted in the suggested structure with a Hz bound, which is 28.3 kcal/mol higher than the OBSg-DH; model (see
Figure 2k in the manuscript). For all other BS states, H. dissociated (corresponds to falling back to the E; redox state).

In contrast, models with an H; ligand and an open belt sulfide-bridge (instead of a closed belt sulfide-bridge like here)
are stable and low energy structures (see Figure 2 k and | in the manuscript). Our results thus suggest that H>-bound
FeMoco structures at the E3 redox level are stabilized by having an open belt sulfide-bridge present.
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Figure S5. Results of a model containing a closed protonated belt sulfide-bridge, one H; at Fe6 in the spin state of Ms
=0 and 35 BS solutions using the QM-A region and r’SCAN. The energy in blue of (a) is relative to the lowest model
OBSs-DH: (see Figure 2k in the manuscript).
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4. Additional results of the 2-hyd-CBS class

The optimized geometries of CBSze-ZBHza(s)m, CBSze-ZBst(g)m, CBSQ,7-ZBH26(5),37, and CBSa7-ZBH26(3),37 models
are shown in Figure S6 to Figure S9. These four models contain two bridging hydrides between different pairs of iron
ions (Fe2/Fe6 and Fe3/Fe7) and a protonated closed belt sulfide-bridge at S2B (between Fe2 and Fe6) or S5A (be-
tween Fe3 and Fe7), which are similar to E4-2CBSas 37-2BH26(3),37 and E4-2CBSz637-2BHa6(s5),37 models (see Figure 1 in
the manuscript) in the E, state but with one less proton (the charge of FeMoco remains the same). A previous study?
reported that such E4 models are stable, however, most BS states of four Es models designed from them converged to
other models with one or two terminal hydrides, shown in Figure S6 to Figure S9, which is similar to results reported
by Ryde and Jiang* (please see models 352_ and 552_ in that paper).

We found that four converged models CBS3z7-BH37-TH- (Figure S6b), CBS37-2THs 7 (Figure S6¢), CBS2-BH26-THS3
(Figure S8c), and CBSs7-BH37-TH: (Figure S9b) are higher than the lowest-energy model (OBSg-DH,, Figure 2k in
the manuscript) between 15 and 20 kcal/mol, which are similar to two models (see Figure 2 e and f in the manuscript
suggested by Ryde and Cao) in energy and geometry®.

According to results of the CBSs7-2BH2s(3),37 In three spin states (Ms = 0, 1, and 2) and 35 BS solutions (Figure S6),
models with a protonated closed belt-sulfide bridge and 2 bridging hydrides between different pairs of iron ions are
unstable and converge to structures with 1 or 2 mostly-terminal hydrides. Energies between three spin states are small
for this type of models containing two bridging hydrides between different pairs of iron ions in this study, and Dance
found that Ms = 1 and 0 are also small for the Ej state in his study?. Therefore, we performed optimizations for CBSzs-
ZBH26(3)37, CBSQG-ZBH26(5)37, and CBSs7-ZBH26(5),37 models with Ms=1 and 35 BS solutions.
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Figure S6. Models (a-h) converged from 35 BS solutions and three spin states starting from CBSs7-2BH.6(3)37 (2). The
energies calculated using QM-A region and r’SCAN in blue are the lowest-energy one for each model, which are rela-
tive to the lowest model OBSg-DH; (see Figure 2k in the manuscript). A hydride is defined as bridging only if both
Fe-H distances in Fe-H-Fe are not longer than 2.0 A.
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Figure S7. Models (a-i) converged from 35 BS solutions and the spin state of Ms = 1 starting from CBSzs-2BH63)37
(a). The energies calculated using QM-A region and r’SCAN in blue are the lowest-energy version of each model,
which are relative to the lowest model OBSs-DH- (see Figure 2k in the manuscript). A hydride is defined as bridging
only if both Fe-H distances in Fe-H-Fe are not longer than 2.0 A.
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Figure S8. Models (a-g) are converged from optimizations starting from CBSzs-2BH26(5),37 () in the spin state of Ms =
1 and 35 BS solutions. The energies calculated using QM-A region and r’SCAN in blue are the lowest-energy version
for each model, which are relative to the lowest model OBSs-DH, (see Figure 2k in the manuscript). A hydride is de-
fined as bridging only if both Fe-H distances in Fe-H-Fe are not longer than 2.0 A.
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Figure S9. Models (a-f) are the lowest-energy structures found when using the structure in CBSz7-2BH2s5),37 () as
starting structure in the spin state of Ms = 1 and 35 BS solutions. The energies calculated using QM-A region and
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r’SCAN in blue are the lowest-energy version for each model, and their relative energies in blue are relative to the
lowest model OBSg-DH; (see Figure 2k in the manuscript). A hydride is defined as bridging only if both Fe-H dis-
tances in Fe-H-Fe are not longer than 2.0 A.

The CBS26-BH26-THs suggested by Ryde and co-workers?® is also investigated here. However, we obtained some other
models (CBS2-2THSs ¢ and CBS26-2TH.5) with a mostly terminal hydride at Fe2 or Fe6 (see Figure S10).
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Figure S10. Models (a-c) are the lowest-energy structures found when using the structure CBSz-BHz6-THs (2) sug-
gested by Ryde and co-workers® as starting structure in three spin states and 35 BS solutions. The energies calculated
using QM-A region and r’'SCAN in blue are the lowest-energy version for each model, and their relative energies in
blue are relative to the lowest model OBSs-DHy> (see Figure 2k in the manuscript). A hydride is defined as bridging
version if both Fe-H distances in Fe-H-Fe are not longer than 2.0 A.
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5. Electron configurations of Eq and E; states based on localized orbital analysis

Figure S11 shows the electron configurations as interpreted from a localized orbital analysis of the BS7 class of the Eo

state.
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Figure S11. The localized orbital analysis of the BS7 class including BS235, BS247, and BS346 with Ms = 3/2 of the
E, state from our previous paper (’'SCAN used)*. The QM-I and QM-VI regions defined in our previous paper are the
same as the QM-A and QM-C regions in the present study, respectively.

The localized orbitals associated with hydrides or H, of OBSs-DH2-BS147 (Ms = 1), OBSs-BH26-TH2-BS235 (Ms =
2), and OBSs-2BH26-BS347 (Ms = 1) models are shown in Figure S12 to Figure S14.
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Figure S12. The localized orbital analysis of OBSe-DH,-BS147 (Ms = 1) using the QM-C region and r’'SCAN. Alpha-
spin electrons are shown in green and beta-spin electrons in purple. Numbers in green and purple indicate the localized
orbital populations of alpha and beta electrons, respectively.
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Figure S13. The localized orbital analysis of OBSe-BH2s-TH2>-BS235 (Ms = 2) using the QM-C region and r’SCAN.
Alpha-spin electrons are shown in green and beta-spin electrons in purple. Numbers in green and purple indicate the
localized orbital populations of alpha and beta electrons, respectively.
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6. N2 binding to the E; state models

Figure S15 shows the binding energy of N to either Fe2 or Fe6 site in the OBS-2BH2s model of the Es state, in three

spin states and 35 BS solutions using the QM-A region.
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Figure S15. The binding energy of N2 binding to the Fe2 of OBSs-2BH3s or Fe6 of OBS,-2BH2s in three spin states
and 35 BS solutions using the QM-A region and r’SCAN. Binding energies are relative to the lowest-energy model

OBSg-DH; (Figure 2k in the manuscript, r’SCAN used).

The ligand field diagram of N, bound states were derived from the combination of localized orbital analysis, diamag-
netic substitution, and quasi-restricted orbital analysis.® The structure in Figure S16a was calculated using the QM-C
region, which was analysed by using the localized orbital method indicating that the Fe2 in OBSs-2BH2-N.@Fe2 is
low-spin Fe3*.The Fe and Mo except Fe2 ions were then diamagnetically substituted by Ga®* and In®', respectively
(see Figure S16b). The single-point calculation of the diamagnetic model with an Fe®* (S = 1/2) was carried out and
used to obtain quasi-restricted orbitals (shown in Figure S16), which finally was used to make ligand-field diagram.
The dx. and dy; orbitals of diamagnetically substituted FeMoco of OBSs-2BH.s-N.@Fe2 overlap with * orbitals of

No>.
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Figure S16. The structures of OBSg-2BH26-N.@Fe2-BS147 (Ms = 0) with a full FeMoco (a) and diamagnetically sub-
stituted FeMoco (b) using the QM-C region and r’SCAN. Also shown is the ligand-field diagram based on the dia-
magnetically substituted FeMoco and the quasi-restricted orbitals.
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7. Orientations of protons of protonated S2B and S5A
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Figure S17. Different orientations of protons of either open or closed protonated belt sulfide-bridges. We use H-to-
group to represent the orientation of the proton.

In this study, after optimizations of all states in spin states and 35 BS solutions for each model, the lowest-energy state
was next used to explore all possible orientations of protons of either the closed or open protonated belt-sulfide
bridges. The lowest-energy orientation was finally utilized in the study for obtaining results with the QM-C region
(Results and Discussion section D) and was also used in the functional comparison (Results and Discussion section

C).

If there is a terminal SH™ on Fe2, the proton has four orientations: H-to-Phe, H-to-hyd, H-to-Val, and H-to-Cys, shown
in Figure S17. When the terminal SH- is on Fe6, possible orientations of the proton are H-to-Phe, H-to-homo, H-to-
Val, and H-to-hyd. In terms of a closed bridge at S2B (or S5A), proton orientations can be: H-to-Phe and H-to-Val (or

H-to-Arg359 and H-to-Arg96).

Table S1. Relative energies of different orientations of the proton of an open bridge in OBSg-2BH2s and OBS2-2BH2s
models (kcal/mol). All energies are relative to the lowest-energy model OBSs-DHy> (see Figure 2k in the manuscript).

(g) OBSs-2BH26
H-to-homo
H-to-hyd
H-to-Phe
H-to-Val

(h) OBS2-2BH26

AE(polarized QM energy) AE(MM energy)
-0.8 2.2
-0.1 1.7

converged to H-to-homo
converged to H-to-hyd

AE(polarized QM energy) AE(MM energy)

AE(QM/MM)
13
17

AE(QM/MM)
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H-to-Val 114 1.9 13.3

H-to-Cys 12.7 1.4 14.2
H-to-Phe converged to H-to-Cys
H-to-hyd converged to H-to-Val

Note: The spin states and BS solutions of OBSe-2BH26 and OBS2-2BHzs are BS347 (Ms = 1) and BS2356 (Ms = 0), re-
spectively, which were calculated using QM-A region and r’'SCAN.

The lowest-energy orientation of the proton of an open belt-sulfide bridge at Fe2 in OBS2-2BHzs, OBS,-2BH26-THg
and OBS,-DHs models are H-to-Val, H-to-Cys, and H-to-Cys, respectively, shown in Table S1 to Table S3. If the pro-
ton at Fe6 in OBSg-2BH.s, OBSs-BH26-TH2, and OBSe-DH; models, the lowest-energy orientations are H-to-homo,
H-to-hyd, and H-to-homo, respectively, shown in Table S1 to Table S3.

Table S2. Results of different orientations of the proton of an open belt sulfide-bridge in OBS,-2BH2-THgs and OBSe-
BH2s-TH2 models (kcal/mol). All energies are relative to the lowest-energy model OBSe-DHy>, (see Figure 2Kk in the
manuscript).

() OBS2-BH26-THes | AE(polarized QM energy) AE(MM energy) AE(QM/MM)

H-to-Val converged to H-to-hyd

H-to-Cys 9.6 4.0 13.6
H-to-Phe 14.5 2.7 17.2
H-to-hyd 10.5 35 14.0

(i) OBS6-BH26-TH2

H-to-homo -0.9 2.1 1.2
H-to-hyd -2.2 25 0.2
H-to-Phe converged to H-to-hyd
H-to-Val converged to H-to-hyd

Note: The spin states and BS solutions of OBS;-BH26-THs and OBSs-BH26-TH2 are BS147 (Ms = 1) and BS235 (Ms =
2), respectively, which were calculated using QM-A region and r’SCAN.

Table S3. Results of different orientations of the proton of an open belt sulfide-bridge in OBS,-DHs and OBSg-DH.»
models (kcal/mol). All energies are relative to the lowest-energy model OBSg-DH; (see Figure 2k in the manuscript).

(I) OBS2-DHs AE(polarized QM energy) AE(MM energy) AE(QM/MM)

H-to-Val 1.3 6.3 7.6
H-to-Cys -0.7 6.4 5.7
H-to-Phe 3.8 53 9.1
H-to-hyd converged to H-to-Val

(k) OBSs-DH>

H-to-homo 0.0 0.0 0.0
H-to-hyd converged to H-to-Val

H-to-Phe -1.0 14 0.4
H-to-Val 0.4 1.3 1.7
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Note: The spin states and BS solutions of OBS2-DHs and OBSe-DH: are BS346 (Ms = 2) and BS147 (Ms = 1), respec-
tively, which were calculated using QM-A region and r’SCAN.

Table S4 shows the relative energies of two protons on both an open belt sulfide-bridge (S2B) at Fe2 or Fe6 and a
closed belt sulfide-bridge (S5A) in different orientations in CBSz7-OBS,-BH2s and CBS37-OBSe-BH2s models. The
lowest-energy orientation of CBS3-OBS2-BHz and CBS37-OBSg-BH26 models are Hszg-t0-Cys-Hssa-to-Arg359 and
Hs2s-t0-homo-Hssa-t0-Arg96, respectively.

Table S4. Results of different orientations of the proton of an open and a closed belt sulfide-bridge in CBS3-OBS,-
BH2s and CBSs7-OBSs-BH2s models (kcal/mol). All energies are relative to the lowest-energy model OBSg-DH, (see
Figure 2k in the manuscript).

(m) CBS37-OBS2-BH2s AE(polarized QM energy) AE(MM energy) AE(QM/MM)
Hs2g-t0-Cys-Hssa-t0-Arg359 21.9 2.8 24.7
Hs2s-to-hyd-Hssa-to-Arg359 27.1 0.0 27.1

Hsop-to-Phe-Hssa-to-Arg359
Hsze-to-Val-Hssa-to-Arg359

converged to Hszg-to-hyd-Hssa-to-Arg359
converged to Hsyg-t0-Cys-Hssa-to-Arg359

Hsop-t0-Cys-Hssa-t0-Arg96 20.5 44 25.0
Hsze-to-hyd-Hssa-to-Arg96 22.0 5.3 27.3
Hsze-to-Phe-Hssa-to-Arg96 converged to Hszg-t0-hyd-Hssa-to-Arg96
Hsze-to-Val-Hssa-t0-Arg96 converged to Hsyg-t0-Cys-Hssa-t0-Arg96
(n) CBS37-OBS6-BH2s
Hs2g-t0-homo-Hssa-to-Arg359 7.5 5.8 134
Hsze-to-hyd-Hssa-to-Arg359 7.9 5.7 135
Hs2e-to-Phe-Hssa-to-Arg359 converged to Hszg-t0-hyd-Hssa-to-Arg359
Hs2g-to-Val-Hssa-to-Arg359 converged to Hszg-to-hyd-Hssa-to-Arg359
Hs2g-to-homo-Hssa-to-Arg96 6.9 6.1 13.1
Hsze-to-hyd-Hssa-to-Arg96 7.3 6.0 13.2

Hs2p-to-Phe-Hssa-to-Arg96
Hsze-to-Val-Hssa-t0-Arg96

converged to Hszg-to-hyd-Hssa-to-Arg96
converged to Hszg-t0-hyd-Hssa-to-Arg96

Note: The spin states and BS solutions of CBS3-OBS;-BH2zs and CBSs7-OBSs-BH26 are BS147 (Ms = 1) and BS247 (Ms
= 2), respectively, which were calculated using QM-A region and r’'SCAN.

The relative energies of two protons on both closed hydrogenated S2B (between Fe2 and Fe6) and S5A (between Fe3
and Fe7) in 2CBSzs,37-BHag(s5), 2CBS26,37-BHa6(3), and 2CBS26 37-BH37z models are shown in Table S5 to Table S7. The
lowest-energy orientations of these three models are Hszs-t0-Phe-Hssa-t0-Arg359, Hsze-t0-Val-Hssa-to-Arg359, and
Hs2g-t0-Phe-Hssa-to-Arg359, respectively.

Because the energies of CBSze-ZBHze(s),:ﬁ, CBSZG-ZBH26(3),37, CBSs7-ZBH25(5),37, and CBS?,7-ZBH26(3),37 models are
much higher than the lowest model OBSs-DHy> (see Figure 2k in the manuscript), we did not investigate the orienta-
tions of protons at a closed belt sulfide-bridge (S2B or S5A). Different orientations of protons at the closed belt sul-
fide-bridge (S2B) of models CBSz6-BH26-THSs, CBS2-2THa 5 and C3H have been investigated in the previous paper®.

Table S5. Results of different orientations of the proton of two closed belt sulfide-bridges in 2CB Sz 37-BH2¢(s) models
(kcal/mol). All energies are relative to the lowest-energy model OBSg-DH; (see Figure 2k in the manuscript).

(0) 2CBS2s,37-BH2s(5) AE(polarized QM energy) AE(MM energy) AE(QM/MM)
Hs2s-to-Phe-Hssa-to-Arg359 16.3 4.0 20.3
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HszB-tO-Phe-HssA-tO-AI'QQG 16.4 4.6 21.0
Hszs-tO-Val-HssA-tO-Arg359 21.6 3.2 24.8
HszB-tO-Va|-H55A-tO-AI'g96 21.7 3.8 255

Note: The spin state and BS solution of 2CBSz637-BH2s(5) are BS14 and Ms = 2, respectively (using QM-A region and

r’SCAN).

Table S6. Results of different orientations of the proton of two closed sulfide-bridges in 2CBSgzs37-BH26(3) models

(kcal/mol). All energies are relative to the lowest-energy model OBSg-DH; (see Figure 2k in the manuscript).

(p) 2CBSz26,37-BH26(3) AE(polarized QM energy) AE(MM energy) AE(QM/MM)
Hs2g-t0-Phe-Hssa-t0-Arg359 9.9 11.5 214
Hs2-t0-Phe-Hssa-t0-Arg96 11.9 10.1 22.0
Hs2g-t0-Val-Hssa-to-Arg359 8.6 9.9 18.4
Hsop-to-Val-Hssa-t0-Arg96 9.5 9.8 19.3

Note: The spin state and BS solution of 2CBSz6,37-BH2s(3) are BS14 and Ms = 2, respectively (using QM-A region and
r’SCAN).

Table S7. Results of different orientations of the proton of two closed sulfide-bridges in 2CBSzs37--BH37 models
(kcal/mol). All energies are relative to the lowest-energy model OBSg-DH; (see Figure 2k in the manuscript).

(q) 2CBSa26,37-BHs7 AE(polarized QM energy) AE(MM energy) AE(QM/MM)
Hsze-to-Phe-Hssa-to-Arg359 3.6 6.8 10.5
Hs2e-to-Phe-Hssa-to-Arg96 6.6 8.2 14.8
Hsoe-to-Val-Hssa-to-Arg359 8.8 6.8 15.6
Hs2g-t0-Val-Hssa-to-Arg96 5.6 55 111

Note: The spin state and BS solution of 2CBSzs,37-BHs7 are BS346 and Ms = 2, respectively (using QM-A region and
r’SCAN).
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8. Additional information on spin-state and BS-state energies

Figure S18 shows the energy difference between the three spin states for Es isomers e to q (see Figure 2), and the low-
est energy BS state for each Ms state is plotted. The difference between different spin states for each isomer can be
fairly large, especially for isomers k and .
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Figure S18. The spin-state energies for isomers e-q according to QM/MM calculations using QM-region A and
r’SCAN. The lowest-energy BS-state for each spin-state is used. The BS solutions of e-q models were shown in sec-
tion 12.

For every spin-state of each isomer we systematically attempted spin-flipping of 3 Fe ions to find 35 different broken-
symmetry states. Some calculations converged, however, to states with either 2 or 4 spin-down Fe ions. A state with
only 2 spin-down Fe ions represents an alternative BS state that is typically not included in the BS-state problem of
FeMoco, as such a state should generally be high in energy due to a lack of pairwise antiferromagnetic interactions
(antiferromagnetic coupling is highly stabilizing). A BS-state with 4 spin-down Fe ions instead, however, should typi-
cally represent a mirror image of a BS-state with 3 spin-down Fe ions as whether a local-spin is spin-up or spin-down
is arbitrary. This is complicated by the fact, however, that FeMoco is a mixed-valent system and the minority-spin
electrons (typically between pairs of Fe ions) can delocalize in multiple ways or localize on different Fe ions. This
means that there are actually even more SCF states and the “mirror-image states” do not have to have the same energy.

As an example: The BS2567 state was found when attempting to find BS256 for the 2CBSz6.37-BHa65) (Ms = 0) iso-
mer. BS2567 and BS134 should be mirror-images, and as shown in Table S8, they have identical energies and Mulli-
ken spin populations.

Table S8. The Mulliken spin populations of BS2567 and BS134 of 2CBSzs 37-BH26(5) with Ms = 0.

AE(polarized QM) | AEQQM/MM) | Mo | Fel | Fe2 | Fe3 | Fe4 | Fe5 | Fe6 | Fe7
BS2567 19.3 22.1 128 | 3.32 [-3.17] 3.02 | 3.17 [ -3.01 | -2.14 | -2.81
BS134 19.0 22.1 129332317 | -3.01]-3.18 | 3.01 | 2.16 | 2.82

Note: The results in this table were calculated using QM-A region and r’SCAN.
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However, for the case of BS2567 and BS134 solutions for isomer OBS,-2BH-N,@Fe6-Ms=1 (Figure S15), shown
in Table S9, they have considerably different energies and Mulliken spin populations, suggesting that while the basic
spin topology is the same, the states likely differ with respect to localization/delocalization degree of the minority-spin
electrons.

Table S9. The Mulliken spin populations of BS2567 and BS134 of OBS;-2BH2-N.@Fe6 with Ms = 1.

AE(polarized QM) | AEQQM/MM) | Mo | Fel | Fe2 | Fe3 | Fe4 | Fe5 | Fe6 | Fe7
BS2567 205 19.4 -0.96 | -2.83 | 3.24 | -1.87 | -2.91 | 3.12 | 0.83 | 3.02
BS134 10.3 10.7 082 | 329 |-3.03] 322 | 3.16 | -2.77 | -0.58 | -2.56

Note: The results in this table were calculated using QM-A region and r2'SCAN.

The 35 different BS solutions can be grouped into 10 BS classes according to analysis made popular by Noodleman.
In order to understand the general stability of different BS solutions of the E3 isomers we have grouped the 3 lowest
energy BS solutions for each isomer and spin-state into which of the 10 BS classes it belongs to as shown in Table
S10. We note that for the cases where the spin-flipping resulted in low-energy BS states with 4 spin-down Fe ions
was, the state was grouped according to its mirror image BS if their energy difference was small, for example, if
BS2356 and BS147 have a very small energy difference (< 0.5 kcal/mol) or even the same, the BS2356 was grouped
into BS10 (as its mirror-image BS147). However, for the case of where BS2356 and BS147 had larger energy differ-
ence (and different electronic structure) we labelled it as BS2356 in the table.

The results in Table S8 overall reveal that the most stable BS states for E; isomers belong to the BS7, BS8 and BS10
class (and to a lesser extent BS6 and BS9).

Table S10. The classification of the three lowest-energy BS states (lower than 5 kcal/mol) of each spin state and each
isomer into the 10 common BS classes and selected unusual BS states.

AEma® BS1 BS2 BS3 BS4 BS5 BS6 BS7 BS8 BS9 BS10 BS2356 BS3456 BS13 BS14

a: CBS26-2BH26(5),37 (Ms=1) 0.8° | N |
b: CBS26-2BHas(3)37 (Ms=1) 49 B'F
c: CBS37-2BH26(s),37 (Ms=1) 39 | 1 1
d: CBS37-2BH26(3).37 (Ms=1) 25 1 1 1
(Ms=2) 16 1 1 |
e: CBSz-BHzs-THs  (Ms=1) 4.0 | | |
(Ms=0) 34 [ | | |
(Ms=2) 3.0 |
f: CBS26-2THas Ms=1) 24 | | |
Ms=0) 2.1 I i |
(Ms=2) 14 | 1 1
g: OBSe-2BHzs (Ms=1) 3.0 | | |
(Ms=0) 33 0 ot
(Ms=2) 3.0 111
h: OBS2-2BH2s (Ms=1) 13 | ||
(Ms=0) 1.3 | | |
(Ms=2) 43 | I |
it OBSe-BH2s-TH2 (Ms=1) 05 1 i |
(Ms=0) 28 0 il
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(Ms=2)

j: OBS2-BH26-THs (Ms=1)
(Ms=0)

(Ms=2)

k: OBSs-DH: (Ms = 1)
(Ms=0)

(Ms=2)

|: OBS2-DHe (Ms = 1)
(Ms=0)

(Ms=2)

m: CBS37-OBS2-BH26 (Ms=1)
(Ms=0)

(Ms=2)

n: CBS37-OBSe-BH26 (Ms=1)
(Ms=0)

(Ms=2)

0: 2CBS26,37-BH26(5) (Ms =1)
(Ms=0)

(Ms=2)

p: 2CBSz6,37-BHas(3) (Ms=1)
(Ms=0)

(Ms=2)

g: 2CBS26,37-BHa7 (Ms=1)
(Ms=0)

OBS2-2BH26-N2@Fe6® | (Ms =0)
OBSs-2BH26-N2@Fe2¢ | (Ms =0)

2.6
13
0.9
0.5
1.6
0.4
0d
2.6
0.6
0.9
2.0
1.0
0.6
0.2
0.5
1.6
0.1
2.8
3.8
0.4
2.2
0.5
14
2.8
0.1
2.5

“The maximum energy difference between three selected BS states. ®Only two states converged to the initial input
structure (what we designed). “Two states belongs to the same BS class. “There is only one BS solution, because the
second lowest-energy state is higher than the first lowest-energy state by 7.4 kcal/mol. ¢The three lowest-energy states
for OBS;-2BH2-N.@Fe6 and OBSe-2BH26-N.@Fe2 are all Ms = 0, so only the Ms = 0 BS states are included. All

results in this table were calculated using QM-A region and r2.SCAN.
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9. Additional results for different functionals

Relative energies with different functionals

Figure S19 shows additional results related to the functional dependency presented in section C of the manuscript.
TPSSh, B97-D3, and r’SCAN give very similar trend for all isomers, and g, i, and k are found to be three lowest en-
ergy isomers.

B3LYP*, B3LYP, and TPSS give results quite different from the other three functionals. The g and i isomers are also
lower-energy isomers when using TPSS; however, the k isomer is higher than g and i by about 8 kcal/mol and also
less stable than f. B3LYP* favors r containing a triply protonated carbide ion, which is a little lower than g, i, and k
isomers. The energy difference between g, i, and k isomers when using B3LYP* is larger than TPSSh, B97-D3, and
r’SCAN, and k with Hz bound to Fe2 is more stable than g and i. B3LYP has a similar trend to B3LYP* but the en-
ergy difference between r and other isomers is much larger than B3LYP*. As dicussed in previous studies® from our
group TPSSh, B97-D3, B3LYP* and r’'SCAN are known to describe Fe-Fe/Mo-Fe distances of spin-coupled sulfide-
bridged Fe-Fe/Mo-Fe dimers as well as FeMoco very similarly and better than both most regular GGA/meta-GGA
functionals (like TPSS) and also common hybrid functionals (like B3LYP). However, B3LYP* gives here a very dif-
ferent trend from TPSSh, B97-D3, and r2’SCAN for the energetics of the E; state. TPSS was previously shown to sys-
tematically underestimate Fe-Fe/Mo-Fe distances and this was found to correlate with a tendency to overestimate co-
valency in the bridging Fe-S bonds®.

The B3LYP and B3LYP* functionals favor the C3H E; model (r), however, there is no experimental evidence that
suggests reduced FeMoco states with a protonated carbide are ever formed. According to recent *C ENDOR measure-
ments of multiple trapped FeMoco states, the carbide hyperfine coupling is practically unchanged, suggesting an un-
changed carbide environment.

In a recent study, both TPSSh and B3LYP were found to favor the C3H isomer*, but in this work we find that C3H is
higher than isomer k by 25.1 kcal/mol (0.9 kcal/mol in that study*) when using TPSSh. The reason for this difference
is most likely the basis set, we have in this work consistely used an all-electron scalar relativistic treatment with a
large ZORA-def2-TZVP on the cofactor while a much smaller basis, def2-SV/(P) basis set was utilized in the previous
study without scalar relativistic effects included®. The spin state and BS solution of this model used in the previous
study are Ms = 1 and BS136*. We explored this model in three spin states and 6 BS solutions belonging to BS10 class,
and found that the lowest-energy isomer has Ms =1 and BS146 , slightly lower than BS136 by 0.6 kcal/mol.

Finally, we note that the covalency of Fe-H bonds and the ability of DFT protocols to describe such bonds is an under-
explored area and few studies have been dedicated to this topic. This is likely highly relevant in this context of Es iso-
mers .
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Figure S19. The comparison for isomers a-r between different functionals. The ¢ isomer is missing for the TPSS func-
tional, because three BS states of this isomer converge to other isomers with one terminal hydride on Fe2 (the distance
of Fe2-hydride is longer than 2 A), shown in Table S14 and Figure S9. The information about spin states and BS solu-
tions of each model have been shown in Tables S12 to S28 of the SI.

Electronic structure analysis with different functionals

Figure S20 to Figure S25 shows electron configurations derived from localized orbital analysis as well as selected ge-
ometric parameters of each isomer g, I and k with TPSSh, B97-D3, r’SCAN, B3LYP*, and TPSS used in this study.

For the g (OBSg-2BH.5) isomer (Figure S20), the common theme is that there are four electrons associated with the
two bridging hydrides, but the difference is the degree of delocalization of these electrons to either Fe2 or Fe6. The
r’SCAN and B3LYP* give similar electronic structures, two bridging hydrides share four electrons with Fe2, which is
associated with shorter Fe2-hydride distances than Fe6-hydride (see Figure S21), and one electron has transferred
from the Fe4 sub-cubane to the hydrides compared to the Ej state (see Figure S11). In contrast, there are four electrons
delocalized between hydrides and Fe6 for TPSSh, which is correlated with shorter Fe6-hydride distances than Fe2-
hydride distances, and one electron has transferred from the MoFes-cubane to the hydrides. Interestingly, TPSS and
B97-D3 give a trend in-between r’SCAN, B3LYP* and TPSSh, those four electrons are shared with both Fe2 and Fe6,
correlating with similar distances between hydrides and Fe2/Fe6, but one electron has transferred from MoFes sub-
cubane to hydrides and Fe2 and Fe6 share one electron. We also note that part of the trends seen may be related to dif-
ferent BS solutions preferred by different functionals.
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Figure S20. The comparison of electronic configurations for isomer g between different functionals. The green and
purple numbers are localized orbital populations. The configurations of r’SCAN and other functionals were calculated
using the QM-C and QM-A regions, respectively. Our previous paper show that the geometric and electronic structure

differences between the QM-A and QM-C reg
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Figure S21. The comparison of key distances for isomers g with different functionals. The geometries of r’SCAN and
other functionals were calculated using the QM-C and QM-A regions, respectively. Our previous paper show that the
geometric and electronic structure differences between the QM-A and QM-C region are minor®.

For isomer i (OBSs-BH26-THy>), the molecular and electronic structure is overall quite similar for the five functionals
in that the terminal hydride has 2 electrons associated with it (shared to different extent between H and Fe2), and the
bridging hydride shares electrons with both Fe2 and Fe6, and the distances of Fe2/Fe6-hydrides are similar with dif-
ferences, as shown in Figure S22 and Figure S23. There are some differences, however, associated with Fe2 vs Fe6 vs.
H contribution to the bridging hydride and TPSS differs in that an electron from the MoFes sub-cubane is donated to
the hydrides while for the other functionals an Fe4 sub-cubane electron has been donated. Also B3LYP* prefers local-
izing the minority-spin electrons while the others show more mixed-valence delocalization.
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Figure S22. The comparison of electronic configurations for isomer i between different functionals. The green and
purple numbers are localized orbital populations. The configurations of r’SCAN and other functionals were calculated
using the QM-C and QM-A regions, respectively. Our previous paper show that the geometric and electronic structure
differences between QM-A and QM-C regions are minor3.
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B3LYP*(i) OBS,-BH,;-TH,-BS147 (Mg = 1) TPSSh (i) OBS;-BH,,-TH,-BS235 (M = 2) B97-D3 (i) OBS,-BH,-TH,-BS235 (M = 2)

SCAN (i) OBS-BH,,-TH,-BS235 (M = 2) TPSS (i) OBS,-BH,;-TH,-BS156 (Mg = 1)

Figure S23. The comparison of key distances for isomers i with different functionals. The geometries of r’SCAN and
other functionals were calculated using the QM-C and QM-A regions, respectively. Our previous paper show that the
geometric and electronic structure differences between the QM-A and QM-C region are minor®.

The five functionals give similar electronic configurations for isomer k (OBSs-DHy>) (see Figure S24) according to
localized orbital analysis. Two electrons can be found in the dihydrogen ligand bound to Fe2, and 1 additional electron
is located in the Fe4 sub-cubane compared to the E, state (see Figure S11). The distances of Fe2-Fe6 are overall simi-
lar (see Figure S25), but the H-H bond lengths with B97-D3 and TPSS functionals are longer than with the other func-
tionals. This correlates with shorter Fe2-H; distances for B97-D3 and TPSS compared to the other functionals, imply-
ing that the dihydrogen ligand is more activated in B97-D3 and TPSS calculations. The H-H bond of free H; is almost
the same for five functionals (see Table S11), suggesting that the differences arise from the Fe-H, interaction.
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Figure S24. The comparison of electronic configurations for isomer k with different functionals. The green and purple
numbers are localized orbital populations. The configurations of r’SCAN and other functionals were calculated using
the QM-C and QM-A regions, respectively. Our previous paper show that generally the geometric and electronic
structure differences between the QM-A and QM-C regions are relatively minor®,
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Figure S25. The comparison of key distances for isomer k with different functionals. The r’'SCAN geometry was cal-
culated using the QM-C region while the other functionals were calculated using the QM-A region. Our previous pa-
per show that the geometric and electronic structure differences between the QM-A and QM-C region are minor®,
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Table S11. The H-H bond of free H calculated using different functionals in vacuum (same basis sets as Hz in OBSe-
DHy: ZORA-def2-TZVP).
B3LYP* TPSSh B97-D3 r’'SCAN TPSS
The H-H Bonds of free H. 0.75 A 0.74 A 0.75 A 0.74 A 0.74 A

Table S12 to Table S28 show relative polarized QM and QM/MM energies for all 6 functionals using QM-region A
and the BS solutions calculated. All energies are relative to isomer k (Figure 2k) for each functional.

Table S12. The relative polarized QM and QM/MM energies between five functionals for CBSze-2BH2s(5),37
(kcal/mol).
a: CBSyx%-2BH6)37 B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP
QM QMMM QM QMMM QM QM/MM QM QM/MM QM = QM/MM QM QM/MM
BS245 (Ms = 1) 46.3 470 37.8 36.8 - - 36.4 39.0 319 304 674 681

BS145 (Ms =1) 46.2 44.9 37.6 35.8 38.7 37.5 37.8 39.8 34.9 34.8 68.4 66.5

Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one
between states.

Table S13. The relative polarized QM and QM/MM energies between five functionals for CBSzs-2BH2s(3),37
(kcal/mol).

b: CBSz6-2BHas3)37 B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP

OM  OMMM OM  OMMM  OM  QM/MM QM OM/MM | QM  OM/MM QM | QM/MM

BS137 (Ms=1) - - 24.9 30.5 - - 244 34.3 17.6 23.9
BS145 (Ms=1) - - 27.1 321 27.8 33.9 28.3 37.8 24.0 30.2
BS245 (Ms =1) 38.9 47.1 24.9 30.5 - - 29.2 39.3 20.1 27.2 57.1 65.3

Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one
between states.

Table S14. The relative polarized QM and QM/MM energies between five functionals for CBSz7-2BHass),37
(kcal/mol).

C: CBSy7-2BHa6s) 37 B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP

OM  OMIMM QM  OQM/MM QM  OQM/MM @ QM | QM/MM QM & QM/MM | QM | QM/MM

BS345 (Ms =1) 43.8 40.1 36.3 30.6 - - 35.0 32.8 - - 64.3 60.4
BS126 (Ms=1) - - 36.9 32.0 - - 36.6 35.0
BS157 (Ms=1) 46.1 43.1 38.3 331 37.1 33.4 38.1 36.7 - - 66.2 62.9

Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one
between states.

Table S15. The relative polarized QM and QM/MM energies between five functionals for CBSs7-2BH6()37
(kcal/mol).

d: CBS37-2BHa53,37 B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP
QM QM/MM QM | QM/MM  OM  QM/MM | QM & QM/MM | QM & QM/MM | QM | QM/MM
BS345 (Ms=1) 40.5 43.3 28.1 28.8 26.3 28.4 26.8 314
BS126 (Ms=1) 44.0 47.8 28.3 30.9 - - 28.0 33.9
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BS135 (Ms=1) 36.6 40.1 28.8 30.3 26.2 29.2 271.2 324 23.7 25.5% 58.9 62.2

aThis state converged to BS15.
Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one
between states.

Table S16. The relative polarized QM and QM/MM energies between five functionals for CBSz-BH2s-THs
(kcal/mol).

e: CBSz6-BHas-THs B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP
QM QMMM QM  OQM/MM | QM  QM/MM QM  QM/MM @ QM & QM/MM & QM | QM/MM

BS13 (Ms=2) 32.0 31.4 17.2 14.8 16.6 14.8 16.8 17.8 13.7 11.2 56.5 55.5
BS236 (Ms =2) 23.7 217 16.5 12.8 18.3 155 16.4 16.2 17.2 13.8 46.1 43.6
BS126 (Ms =2) 274 25.9 18.4 15.6 175 15.7 16.9 17.8 15.9 13.17 514 48.7
BS236 (Ms=1) 25.7 25.7 18.8 16.8 22.2 211 16.6 18.4 21.1 175 40.7 40.6
BS2356 (Ms =0) 32.7 29.9 21.2 16.6 22.7 18.9 19.9 18.8 215 17.8 51.9 49.0

aThis state converged to BS12. Numbers in blue indicate the lowest one between states.

Table S17. The relative polarized QM and QM/MM energies between five functionals for CBSz-2THa4s (kcal/mol).

f: CBSx%-2TH45 B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP

oM QMMM QM | QM/MM @ QM  QM/MM QM | QM/MM QM & QM/MM | QM | QM/MM

BS346 (Ms =2) 20.9 26.0 10.0 134 10.1 13.9 10.1 16.6 6.5 9.6 41.2 45.8
BS345 (Ms =2) 20.2 25.2 10.8 14.0 125 16.3 8.9 10.9 13.6 40.6 447
BS234 (Ms=1) 18.3 253 8.1 59 7.8 15.7 25 43.5 48.3
BS167 (Ms=1) 18.8 25.9 8.3 138 7.6 133 7.1 15.6 4.5 7.5% 40.1 46.5
BS236 (Ms=1) 19.7 25.1 13.1 16.9 135 17.8 11.3 18.0 10.1 12.7 43.8 48.0

aThis state converged to BS17. Numbers in blue indicate the lowest one between states.

Table S18. The relative polarized QM and QM/MM energies between five functionals for OBSeg-2BH2s (kcal/mol).

g: OBSg-2BHas B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP

oM QMMM QM | QM/MM QM & QM/MM @ QM | OQM/MM QM | QM/MM & QM | QM/MM

BS345 (Ms =1) 11.9 12.6° 51 4.2 2.7 1.9 1.2 1.9 51 51 - -

BS347 (Ms=1) 119 12.6 4.0 3.7 14 1.0 0.3 4.6 4.5 30.7 30.8
BS2356 (Ms =0) 119 13.0 0.0 0.0 0.1 1.6 0.0 34.2 345
BS2467 (Ms =0) 13.2 142 13 14 0.5 0.9 1.0 2.8 0.4 0.8 39.2 35.8
BS147 (Ms =0) 11.9 13.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 38.7 34.3

2This state converged to BS347. Numbers in blue indicate the lowest one between states.

Table S19. The relative polarized QM and QM/MM energies between five functionals for OBS;-2BH2s (kcal/mol).

h: OBS,-2BHzs B3LYP* TPSSh B97-D3 r2SCAN TPSS B3LYP
QM QMMM | QM | QM/MM | QM  QM/MM QM & QM/MM & QM | QM/MM | QM | QM/MM

BS147 (Ms=1) 20.5 22.3 12.8 12.7 13.6 15.0 10.5 14.2 15.8 15.7 41.7 44.6
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BS2356 (Ms =0) 21.0 22.1 12.6 12.0 114 12.5 50.2 459

BS2467 (Ms =0) 20.2 22.6 12.4 12.3 11.2 12.9 10.7 14.1 11.9 12.2 494 45.9
BS135 (Ms =0) 20.2 22,6 124 123 113 13.0 10.8 14.2 11.8 12.2 49.4 45.9
BS147 (Ms =0) 21.7 22.7 135 122 125 13.1 125 14.2 133 13.0 49.7 45.6

Table S20. The relative polarized QM and QM/MM energies between five functionals for OBSs-BH26-TH-
(kcal/mol).

i1 OBSs-BHz-TH; B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP

QM QM/MM QM  QM/MM QM  QM/MM | QM @ QM/MM | QM = QM/MM | QM | QM/MM

BS235 (Ms=2) 10.4 111 2.8 2.2 15 11 -2.2 0.2 3.7 3.6 28.5 29.7
BS247 (Ms =2) 9.3 115 1.9 2.9 0.3 11 -1.9 17 2.8 35 28.7 30.1
BS156 (Ms =1) 13.2 15.7 3.4 4.3 1.0 17 0.0 25 2.0 2.3 355 38.2
BS157 (Ms=1) 13.0 151 3.7 41 14 17 0.2 25 3.7 4.2 39.6 41.2
BS346 (Ms =1) 125 12.7 55 43 2.1 1.2 13 2.2 6.9 5.6 30.5 31.0
BS147 (Ms=1) 9.6 10.6 41 3.9 3.0 25 0.5 2.0 8.5 8.2 26.8 27.3

Numbers in blue indicate the lowest one between states.

Table S21. The relative polarized QM and QM/MM energies between five functionals for OBS,-BHz6-THs
(kcal/mol).

j: OBS;-BH26-THs B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP
QM QM/MM QM  QM/MM @ QM  QM/MM | QM  QM/MM QM = QM/MM @ QM | QM/MM
BS235 (Ms = 1) 20.3 23.7 141 15.2 8.8 10.3 11.8 14.9 11.7 115 424 45.0
BS247 (Ms = 1) 20.9 236 152 152 11.2 124 126 14.9 133 13.1 450 472
BS347 (Ms = 1) 230 26.8 15.0 16.2 10.8 136 105 142 - - - -
BS147 (Ms =1) 19.0 22.0 145 147 132 147 96 136 18.3 18.3 423 448
BS2356 (Ms =0) 23.9 254 146 14.2 14.0 15.2 12.8 15.4 - - 442 453

Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one
between states.
Table S22. The relative polarized QM and QM/MM energies between five functionals for OBSs-DH. (kcal/mol).

k: OBS¢-DH; B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP

oM OMMM QM  QM/MM QM  QM/MM & QM = QM/MM | QM | QM/MM = QM | QM/MM

BS235 (Ms=2) 9.8 9.2 4.5 21 3.9 21 1.2 1.8 - - 24.9 24.1
BS236 (Ms =2) 7.8 7.0 3.6 18 6.2 48 11 2.0 155 13.6 21.4 19.8
BS346 (Ms=1) 9.5 85 4.4 21 25 0.7 0.8 1.6 10.5 8.4 24.9 233
BS135 (Ms=1) 55 4.5 53 2.4 4.4 2.2 1.2 1.2 14.6 12.4 23.7 21.8
BS147 (Ms=1) 8.5 6.6 4.2 11 41 15 0 0.0 141 11.2 22.9 20.6

Note: The -’ in the table means that this state converged to another isomer; in this case, H. dissociates from the Fe.
Numbers in blue indicate the lowest one between states.

Table S23. The relative polarized QM and QM/MM energies between five functionals for OBS,-DHs (kcal/mol).
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|: OBS,-DHg B3LYP* TPSSh B97-D3 r’SCAN TPSS B3LYP

QM | QM/MM QM | QM/MM QM & QM/MM QM = OQM/MM | QM | QM/MM | QM | QM/MM

BS346 (Ms = 2) - - - - 1.2 5.0 -0.7 5.7 8.7 11.2 - -
BS236 (Ms=2) 9.9 155 - - 11.9 151 7.2 131 20.1 21.6 - -
BS235 (Ms=1) - - - - 7.5 10.3 9.3 121 10.7 12.0 - -
BS347 (Ms=1) - - - - 9.8 13.0 6.0 9.5 17.2 19.3 - -
BS127 (Ms=0) 21.2 24.3° 12.9 14.4 10.4 125 10.1 14.2 16.2 17.0 41.2 385
BS147 (Ms=0) 20.2 23.9 12.3 141 12.0 14.2 8.5 13.7 16.7 17.8 - -

aThis state converged to BS1267.
Note: The -’ in the table means that this state converged to another minimum; in this case, H, dissociates from the Fe.
Numbers in blue indicate the lowest one between states.

Table S24. The relative polarized QM and QM/MM energies between five functionals for CBS37-OBS,-BH2s
(kcal/mol).

M: CBSa7-OBS,-BHys B3LYP* TPSSh B97-D3 r2SCAN TPSS B3LYP
oM OM/MM QM  OM/MM QM  OQM/MM  OM | QM/MM QM  QM/MM | QM | QM/MM
BS235 (Ms = 2) 276 275 223 228 25.7 274 22.7 26.7 - - 441 446
BS247 (Ms =2) 30.2 317 239 231 26.0 256 233 25.9 314 29.4 44.2 468
BS347 (Ms=1) 28.3 307 244 251 229 235 224 25.9 273 | 257° | 467 50.0
BS125 (Ms = 1) 353 347 24.9 265 26.0 27.8 219 26.7 347 35.0 50.1 50.2
BS147 (Ms = 1) 26.1 28.0 21.2 216 239 236 219 24.7 - - 436 46.1

aThis state converged to BS3467.
Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one
between states.

Table S25. The relative polarized QM and QM/MM energies between five functionals for CBS37-OBSg-BH2s
(kcal/mol).

n: CBS3-OBSe-BH2s B3LYP* TPSSh B97-D3 r’'SCAN TPSS B3LYP

oM OQM/MM | QM  OQM/MM QM  OQM/MM QM  QM/MM & QM  OM/MM QM = QM/MM

BS247 (Ms = 2) 13.9 17.3 8.1 111 8.3 111 6.9 131 13.2 16.2 259 26.2
BS237 (Ms = 2) 16.6 20.1 121 15.0 135 151 9.0 14.0 19.6 215 29.4 28.4
BS347 (Ms =1) 12.7 16.2 11.8 151 10.9 131 8.2 13.8 18.4 19.6 245 27.0
BS234 (Ms =1) 20.1 217 10.0 134 9.3 11.8 9.7 14.6 15.2 17.4 245 28.3
BS156 (Ms =1) 18.0 20.0 12.3 16.0 12.3 145 8.8 14.6 15.2 17.8 39.1 39.8

Table S26. The relative polarized QM and QM/MM energies between five functionals for 2CB Sz 37-BHzs(s)
(kcal/mol).

0: 2CBSy37-BHas) B3LYP* TPSsh B97-D3 r’SCAN TPSS B3LYP
oM OQM/MM QM  QM/MM QM  QM/MM | QM  QM/MM QM  QM/MM | QM QM/MM
BS134 (Ms =0) 26.4 284 19.2 19.2 239 234 19.0 221 29.6 30.0 4138 453
BS2467 (Ms =0) 228 275 126 16.4 17.3 202 15.6 221 18.3 216 39.7 438
BS14 (Ms = 2) - - - - 185 19.0 163 203 19.6 203 46.7 49.8
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BS347 (Ms =2)
BS126 (Ms =2)

25.7

23.3

28.2

26.7

aThis state converged to BS12.
Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one

between states.

15.0

16.2

16.1

18.9

155

16.3

16.7

17.9

16.7

16.8

21.0

21.9

19.6

20.4%

38.2

45.0

Table S27. The relative polarized QM and QM/MM energies between five functionals for 2CBSzs 37-BH2s(3)

(kcal/mol).

p: 2CBst‘37'BH26(3)

BS134 (Ms =0)
BS2467 (Ms =0)
BS145 (Ms = 0)
BS135 (Ms =0)
BS14 (Ms = 2)

QM
205
22.7
18.4
15.4

B3LYP*

QM/MM
30.2
30.2
31.0

27.1

aThis state converged to BS13.
Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one

between states.

QM
113
46
9.0
45
7.0

TPSSh

QM/MM
20.2
155
19.2
155
14.1

QM
16.3
8.9
115
8.9
105

B97-D3

QM/MM
24.3
195
19.7
195
176

QM
115
71
10.7
72
8.6

r’SCAN

QM/MM

238
21.7
23.6
216

18.4

QM
117
96
116
96
10.9

TPSS

QM/MM
217
20.2
20.8
20.2
178

QM
39.7
47.9
320

304

418

44.8

B3LYP

QM/MM
47.4
64.2
451

42.6

Table S28. The relative polarized QM and QM/MM energies between five functionals for 2CBSzs 37-BH37 (kcal/mol).

q: 2CBSzev37-BH37

BS346 (Ms = 1)
BS135 (Ms = 1)
BS167 (Ms=2)
BS235 (Ms = 2)
BS346 (Ms = 2)

B3LYP*
oM QM/MM
14.9 195
16.2 20.7
148 21.5°
12.0 17.3
9.9 15.4

aThis state converged to BS257.
bThis state converged to BS15.
Note: The -’ in the table means that this state converged to another isomer. Numbers in blue indicate the lowest one

between states.

TPSSh
OM | QM/MM
82 13.0
6.8 114
47 11.2
23 74
0.0 55

B97-D3
QM | QM/MM
10.6 15.2
87 12.8
85 14.1
85 125
48 8.8

r’SCAN
QM | QM/MM
44 134
7.3 13.8
5.3 134
6.2 13.0
3.6 10.5

QoM
5.23
6.30

11.63
6.33

TPSS

QM/MM
8.4
10.2°
15.1
10.6

QoM
316
31.2
30.0
28.8
23.6

Table S29. The relative polarized QM and QM/MM energies between five functionals for C3H (kcal/mol).

r: C3H

BS125 (Ms = 1)
BS127 (Ms=1)
BS135 (Ms = 1)
BS136 (Ms = 1)
BS146 (Ms = 1)
BS147 (Ms = 1)

QM
13.2
1.2
3.3
0.6
0.0
3.2

B3LYP*

QM/MM
141
0.0
2.7
03
0.2
2.8

TPSSh
QM QM/MM
329 30.0
517 52.0
25.7 25.7
25.3 25.1
275 26.9

B97-D3
QM | QM/MM
313 28.9
353 329
347 33.0
311 29.8
341 317
365 336

r2SCAN
QM | QM/MM
478 479
499 50.5
51.3 52.3
52.6 54.7
478 49.0
50.4 515

QM

73.4

81.6

80.3

75.9
105.0

TPSS

QM/MM
76.0
78.1
759
73.0

105.9

QM
10.9
117
2.7
0.5
0.0
2.8

B3LYP

QM/MM
36.0
35.3
36.7
332

29.5

B3LYP

QM/MM
12.0
12.9
20
0.0
0.0
2.2
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10. Additional comparisons for three lowest-energy isomers: dispersion correction and zero-point vibrational
energy

Additional calculations were carried out for the 3 lowest energy isomers: g, i and k to see whether their relative ener-
gies might be affected much by either dispersion or zero-point vibrational effects.

Table S30 shows the effect of not including the D4 dispersion correction in r’SCAN calculations. The effect of disper-
sion is found to be relatively small, not affecting much the relative energies of these 3 isomers. We note that the dis-
persion correction was used throughout the study.

Table S30. The relative QM/MM energies (kcal/mol) between three lowest-energy isomers with and without D4 cor-
rections utilizing QM-region C.

AE(QM/MM) with D4 = AE(QM/MM) without D4

g: OBSe-2BH26 31 3.2
i: OBSe-BH26-TH2 3.3 3.6
k: OBSe-DH:2 0.0 0.0

Note: The results were calculated using r’SCAN. The spin states and BS solutions of OBSe-2BH26, OBSe-BH26-
TH2, and OBSs-DH2 are BS347 (Ms = 1), BS235 (Ms = 2), and BS147 (Ms = 1), respectively.

The inclusion of zero-point vibrational motion could have an effect on Es isomer energies as the isomers differ in
terms of Fe-H bonding. Table S31 shows the results of calculations where zero-point vibrational corrections were ex-
plicitly included via partial Hessian QM/MM calculations. Different partial Hessian approximations were tested. The
ZPVE correction can change the energy differences by up to 0.7 kcal/mol as seen here but this differs with partial Hes-
sian size and QM-region size. Overall the ZPVE effect is fairly small.

Table S31. The relative QM/MM energies between three lowest-energy isomers with and without zero-point vibra-
tional energy (ZPVE) corrections (kcal/mol).

Including Fe2+Fe6+2hydrides/H; as partial Hessian

using OM-A region AE(QM/MM) without ZPVE | AE(QM/MM) with ZPVE

g: OBS6-2BH2 1.3 1.0
i OBSG-BHze-THz 0.2 0.0
k: OBSs-DH; 0.0 0.3

Including FeMoco as partial Hessian
using QM-A region

g: OBSG-ZBHze 1.3 1.1
i: OBSs-BH26-TH> 0.2 0.0
k: OBSs-DH; 0.0 0.2

Including the full QM-A region as partial Hessian
using QM-A region

g: OBSG-ZBHze 1.3 1.3
i: OBSG-BHze-THz 0.2 0.0
k: OBSg-DH; 0.0 0.5

Including the full QM-B region as partial Hessian
using QM-B region

g: OBSG-ZBHze 2.8 2.6
i: OBSs-BH26-TH: 3.1 2.6
k: OBSg-DH; 0.0 0.0
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Note: The results were calculated using r’'SCAN. The spin states and BS solutions of OBSe-2BH26, OBSe-BH26-
TH2, and OBSs-DH2 are BS347 (Ms = 1), BS235 (Ms = 2), and BS147 (Ms = 1), respectively.
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11. The results of the C3H model

Functionals with at least 20% HF exchange are known to predict interstitial carbide protonation in both Ez and E4 re-
dox states, for example, B3LYP>"®, However, according to recent 3C ENDOR studies of multiple trapped FeMoco
states, the carbide hyperfine coupling is practically unchanged, suggesting an unchanged carbide environment. Over-
all, the carbide is interpreted to as more likely having a stabilizing role during catalysis®.

Ryde and co-workers suggested a triply protonated model C3H (isomer r) can be favorable when calculated using
B3LYP and TPSSh*. Their previous result showed that the low-energy spin state and BS solutions of this model are
Ms = 1 and BS136, belonging to the BS10 class®. We explored the C3H model using three spin states and 6 BS solu-
tions (BS125, BS127, BS135, BS136, BS146, and BS147) in the BS10 class using our computational protocol at the
r’SCAN level. The results show that all five lowest-energy states (BS125, BS127, BS135, BS146, and BS147) are in
Ms =1, as shown in Table S32, and a previous study showed that BS136 with Ms = 1 is the lowest-ernergy state when
using B3LYP, therefore, we calculated all six BS solutions in the spin state of Ms = 1 for other functionals (shown in
Table S12 to Table S29).

The C3H model is higher than OBSs-DH> by 47.9 kcal/mol using r’'SCAN and QM-A region, shown in Table S32,
which is very similar to the result reported by Ryde and co-workers*.

Table S32. The relative polarized QM and QM/MM energies for C3H model using r’'SCAN and QM-A region
(kcal/mol).

Ms=0 Ms=1 Ms = 2
QM QM/MM QM QM/MM QM QM/MM

BS125 72.4 74.5 47.8 47.9 54.3 56.3
BS127 57.9 60.5 49.9 50.5 53.9 56.1
BS135 66.1 66.9 51.3 52.3 58.4 59.6
BS136 55.8 58.5 52.6 54.7 56.2 58.1
BS146 67.1 68.2 47.8 49.0 54.9 55.4
BS147 57.8 60.9 50.4 51.5 55.6 51.6
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12. The energies, spin populations of investigated models

Tables in this section shows the polarized QM energies, QM/MM energies and spin populations of metal ions of all
investigated E; models. The data in blue represent the lowest-energy state for each isomer.

Table S33. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the OBS,-2BH2s model.

BS567
BS234
BS13
BS14
BS134
BS256
BS267
BS357
BS457
BS157
BS235
BS247
BS245
BS246
BS345
BS347
BS126
BS137
BS145
BS127
BS135
BS147

BS567
BS234
BS123
BS124
BS134
BS267
BS357
BS2367
BS456
BS156
BS157
BS167
BS346

OBS;-2BH2s (Ms = 2), QM-A region, H-to-val, r’'SCAN

AE(polarized QM)
42.1
20.1
21.2
21.1
374
29.9
27.8
20.2
19.0
17.3
18.4
20.7
30.2
15.1
19.6
19.1
14.0
26.9
25.2
25.8
30.9
23.1

OBS2-2BH2s (Ms = 1), QM-A region, H-to-val, ’SCAN

AE(polarized QM)
42.2
19.0
29.0
30.7
28.6
37.0
24.0
26.0
39.0
28.0
11.6
27.1
24.3

AE(QM/MM)
443
22.3
24.9
21.4
38.0
31.4
31.7
23.1
245
226
21.0
235
32.7
18.0
22.2
225
18.3
31.7
28.2
27.9
30.6
27.6

AE(QM/MM)
42.9
21.7
32.4
31.3
29.5
39.4
25.0
27.8
40.6
30.5
15.7
29.9
27.3

Mo
1.08
-1.12
-1.20
-1.23
-1.25
0.20
0.23
0.36
0.39
0.36
-0.35
-0.27
-0.33
-0.43
-0.58
-0.57
-0.56
-0.41
-0.31
-0.36
-0.45
-0.38

Mo
1.18
-1.11
-1.24
-1.24
-1.25
0.19
0.47
0.10
0.30
0.30
0.27
0.31
-0.34

Fel
1.48
3.34
-3.26
-3.27
-0.26
3.12
3.19
3.50
3.51
-3.26
3.34
3.32
3.28
3.29
3.33
3.34
-3.33
-3.24
-3.26
-3.33
-2.09
-3.27

Fel
1.76
3.34
-341
-3.32
-2.83
0.10
3.34
3.31
3.17
-3.35
-3.37
-3.35
3.32

Fe2
2.54
-0.51
2.17
1.96
2.82
-3.16
-3.14
3.03
3.06
3.16
-1.62
-1.73
-2.49
-3.04
2.98
3.00
-3.19
3.01
3.25
-1.16
2.67
3.32

Fe2
0.79
-2.66
-1.00
-0.88
291
-3.06
2.40
-2.16
1.32
2.53
2.20
2.38
1.55

Fe3
2.80
-3.05
-3.20
241
-2.82
1.60
3.05
-3.00
3.36
3.30
-3.12
3.09
3.34
2.91
-2.96
-2.54
3.21
-2.40
3.38
3.02
-2.58
3.31

Fe3
2.93
-2.82
-3.26
2.89
-2.19
3.08
-3.15
-2.69
2.13
2.08
3.03
2.67
-3.03

Fe4
2.97
-3.00
2.46
-3.19
-2.85
3.08
1.74
3.35
-3.01
3.18
3.12
-3.08
-2.49
-3.14
-2.46
-2.96
3.06
3.26
-2.64
3.19
3.13
-2.69

Fe4
3.12
-2.73
2.99
-3.22
-2.94
2.89
3.03
3.29
-2.93
2.70
2.99
2.22
-2.97

Fe5
-3.07
2.95
2.74
2.70
3.10
-2.91
2.81
-2.82
-2.84
-2.68
-2.99
2.89
-2.66
2.88
-1.55
2.95
2.87
3.15
-2.28
2.98
-2.35
2.99

Fe5
-3.05
3.06
2.90
2.65
3.09
2.84
-2.96
2.80
-2.87
-2.93
-2.69
2.62
2.89

Fe6
-1.05
2.16
2.25
2.48
2.19
-1.15
-1.55
1.79
1.80
2.23
2.34
2.37
1.83
-1.65
2.17
2.10
-1.16
2.29
2.27
2.40
2.47
2.38

Fe6
-2.23
1.47
2.84
2.78
2.20
-1.55
1.65
-1.10
-2.38
-1.64
2.45
-1.73
-2.42

Fe7
-2.90
2.89
2.52
2.68
2.99
2.71
-2.74
-2.73
-2.70
-2.44
2.79
-2.91
2.93
2.72
2.83
-1.38
2.84
-1.85
3.05
-2.76
2.85
-2.05

Fe7
-2.90
2.96
2.53
2.79
2.99
-2.80
-2.75
-2.29
2.81
2.39
-2.57
-2.84
2.69
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BS246 21.9 26.9 -0.12 330 -3.02 270 -316 261 -206 1.50

BS345 9.8 14.2 -020 335 318 -311 -289 -278 141 278
BS126 18.9 23.9 -0.32  -334 -323 302 305 239 -161 197
BS137 20.8 24.8 -0.38 -3.27 262 -294 314 3.03 241 -245
BS145 20.0 23.2 -040 -3.27 248 323 -286 -254 246 294
BS135 13.0 15.5 -045 -329 276 -3.07 315 -232 240 285
BS147 10.5 14.2 -043 -332 299 319 -314 295 224 -230

OBS;-2BH2s (Ms = 0), QM-A region, H-to-val, r’'SCAN
AE(polarized QM)  AE(QM/MM) Mo  Fel Fe2 Fe3 Fe4 Fe5 Fe6  Fe7

BS2346 13.6 16.1 -0.63 335 -252 -283 -282 295 -096 284
BS123 28.0 31.3 -113  -3.34 -242 -3.09 312 295 122 277
BS134 23.8 26.1 -118 -3.27 285 -3.08 -3.09 3.03 218 290
BS2567 23.7 26.0 116 328 -291 310 310 -3.03 -212 -2.90
BS2356 114 13.3 033 | 332 | -237 | -311| 313 | -287 | -191 | 2.84
(I—?—?OZ?CS)?S) 12.7 14.2 034 332 -234 -311 313 -287 -196 284
BS2467 10.7 14.1 032 330 -258 310 -3.09 294 -165 -2.74
BS357 29.7 30.8 039 327 -031 -324 318 -296 250 -2.84
BS2367 17.6 21.8 014 330 -312 -312 3.07 267 -0.75 -2.48
BS2456 19.9 23.7 013 329 -3.07 311 -313 -263 -050 247
BS457 35.1 36.2 065 321 252 189 -318 -297 101 -2.85
BS1256 14.9 16.6 016  -331 -220 324 316 -283 -156 285
BS157 13.4 16.0 063 -336 259 285 282 -294 083 -2.83
BS1267 12.4 15.3 017  -332 -222 319 322 296 -162 -2.70
BS345 12.4 15.5 -0.18 332 228 -318 -321 -292 150 270
BS126 30.6 35.1 -0.14  -329 -315 251 211 243 -212 179
BS137 19.6 23.6 -0.15  -328 310 -3.10 3.13 267 038 -2.47
BS145 17.4 21.8 -0.15 -330 315 314 -3.07 -264 059 250
BS135 10.8 14.2 -0.34 -329 259 -3.09 308 -293 164 272
BS136 31.2 34.4 -0.34  -329 166 -3.14 294 220 -243 2.66
BS147 12.5 14.2 -0.36 -331 230 311 -313 287 202 -2.83

OBS;-2BH2s (Ms = 0), QM-C region, r’'SCAN

BS2356 16.7 15.9 032 330 -234 -311 313 -287 -1.95 287
Table S34. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the OBSs-2BH26 model.

OBSs-2BH2s (Ms = 2), QM-A region, H-to-homo, r’SCAN
AE(polarized QM) = AE(QM/MM) Mo = Fel Fe2 Fe3 Fe4 Fe5 Fe6  Fe7

BS2567 18.2 214 093 351 -231 351 334 -268 -1.37 -2.36
BS234 8.6 115 -1.25 336 -166 -291 -293 297 275 282
BS13 5.0 8.1 -1.05  -324 247 -323 260 282 147 254
BS14 5.6 7.2 -1.06 -3.27 242 261 -323 274 156 270
BS134 28.9 29.3 -1.10 -0.64 3.15 -259 -284 314 145 3.02
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BS356
BS467
BS256
BS267
BS357
BS457
BS15
BS157
BS167
BS34
BS236
BS246
BS345
BS347
BS126
BS137
BS145
BS147

BS2567
BS234
BS134

BS2356

BS2467
BS357

BS2367
BS457
BS157
BS167
BS235
BS236
BS245
BS246
BS345
BS347
BS347

(H-to-hyd)
BS126
BS137
BS145
BS136
BS146
BS147

18.1
21.6
13.6
15.4
15.3
11.5
8.3
8.5
8.9
15.4
5.6
8.9
7.9
7.2
10.5
14.6
14.7
17.7

111
10.3
19.2
8.1
6.6
10.9
14.0
11.9
3.4
8.3
52
10.4
14.0
9.6
0.1
-0.8

-0.1

6.6
8.8
8.5
15.8
17.5
2.8

19.2
23.4
154
16.6
17.1
13.5
11.8
9.4
13.1
17.2
6.7
11.9
9.8
9.6
125
17.0
16.4
17.7

0.07
0.05
0.44
0.40
0.20
0.22
0.10
0.27
0.12
-0.90
-0.43
-0.18
-0.53
-0.53
-0.74
-0.75
-0.69
-0.50

3.19
3.25
3.24
3.21
3.38
3.38
-3.39
-2.87
-3.39
3.27
3.24
3.26
3.29
3.28
-3.29
-3.27
-3.28
-1.81

1.04
0.88
-2.76
-2.60
2.82
1.82
2.66
2.56
2.64
1.76
-1.90
-2.63
2.44
2.46
-3.03
2.52
2.64
2.67

-3.16
3.01
2.42
2.61
-3.05
3.22
3.03
3.25
2.86
-3.13
-3.11
3.08
-2.80
-2.30
2.77
-2.58
3.31
3.09

3.07
-3.14
3.04
3.03
3.19
-3.02
2.88
3.23
2.95
-3.06
3.09
-3.06
-2.36
-2.84
2.73
3.22
-2.70
-2.66

OBSg-2BH2s (Ms = 1), QM-A region, H-to-homo, r’'SCAN
AE(polarized QM) = AE(QM/MM)

141
12.6
19.9
10.2
10.0
11.2
16.7
141
7.5
11.6
8.0
11.3
17.3
12.5
19
1.3

1.7

8.7
12.0
111
17.9
17.8

4.3

Mo
0.95
-0.99
-1.11
-0.14
-0.07
0.21
0.00
0.25
0.32
0.50
-0.19
-0.08
-0.18
-0.03
-0.46
-0.44

-0.44

-0.33
-0.43
-0.38
-0.53
-0.55
-0.56

Fel
3.36
3.34
-2.98
3.30
3.27
3.31
3.30
3.31
-3.40
-3.34
3.34
3.30
3.29
3.26
3.33
3.33

3.34

-3.32
-3.26
-3.29
-3.23
-3.26
-3.30

Fe2
-2.99
-2.50
3.08
-2.79
-2.72
1.62
-2.65
1.45
2.98
2.22
-2.66
-2.52
-2.84
-2.48
2.22
2.26

2.23

-2.33
2.90
2.89
2.26
2.05
2.60

Fe3
3.32
-2.56
-1.65
-3.01
3.22
-3.18
-2.88
3.00
3.23
2.90
-3.03
-3.18
3.24
2.77
-3.15
-3.17

-3.16

2.72
-2.97
3.28
-3.22
2.57
3.12

Fe4
3.29
-2.83
-2.96
3.21
-2.98
3.00
3.19
-3.08
3.06
3.04
3.19
2.79
-3.11
-3.13
-3.12
-3.13

-3.13

2.81
3.20
-3.00
2.55
-3.23
-3.06

OBSe-2BH2s (Ms = 0), QM-A region, H-to-homo, r’'SCAN

-3.00
2.90
-3.00
2.76
-2.71
-2.43
-2.93
-2.76
2.24
2.80
2.75
2.85
-2.55
3.00
2.98
3.15
-2.00
2.99

Fe5
-2.80
3.09
3.12
-2.03
2.98
-3.01
3.02
-3.01
-2.67
2.74
-2.81
1.84
-2.69
2.77
-2.85
2.94

2.94

2.88
3.02
-2.37
2.85
2.81
3.04

-0.23
-0.24
-2.53
-2.97
1.69
3.15
0.02
2.86
-0.06
0.37
-3.11
-1.75
3.12
3.04
-0.65
3.28
3.24
2.82

Fe6
-1.32
0.53
1.42
-0.36
-0.70
3.06
-0.57
3.05
1.45
-2.87
0.69
-3.08
0.98
-3.09
3.10
3.01

3.07

-3.11
1.79
1.98

-0.99

-0.82
3.12

2.74
-2.86
2.57
-2.83
-1.69
-2.73
1.97
-2.63
-2.84
2.64
2.82
1.62
2.90
-2.43
2.87
-1.87
3.04
-2.80

Fe7
-2.54
3.07
2.99
2.89
-1.75
-2.92
-2.13
-2.85
-2.44
-2.72
2.83
2.64
2.78
1.67
2.82
-2.75

-2.76

2.64
-2.12
2.90
2.59
2.70
-2.76

37/58



BS2567
BS2346
BS1236
BS134
BS2356
BS1267
BS2367
BS2456
BS457
BS1256
BS157
BS2467
BS346
BS345
BS347
BS126
BS137
BS145
BS135
BS147

BS347

AE(polarized QM)
12.2
2.0
20.4
12.2
-1.0
7.6
8.5
9.3
19.4
8.8
1.7
-0.1
9.9
7.5
8.9
15.6
8.9
8.2
0.0
-1.1

2.4

AE(QM/MM)
14.6
4.9
22.6
14.6
1.6
9.6
11.1
12.2
21.6
11.1
4.9
2.8
11.9
9.6
11.1
175
11.9
11.0
2.9
1.6

Mo
1.08
-0.59
-0.70
-1.09
0.28
0.05
0.19
0.42
0.67
0.04
0.63
0.31
-0.17
-0.06
-0.05
0.00
-0.31
-0.22
-0.31
-0.27

Fel
3.41
3.38
-3.11
-3.43
3.32
-3.32
3.31
3.26
2.71
-3.31
-3.39
3.28
3.31
3.32
3.31
-3.30
-3.28
-3.31
-3.28
-3.32

Fe2
-3.08
-2.82
-2.02
3.11
-2.78
-2.97
-3.04
-2.50
2.76
-2.98
2.95
-2.80
1.46
3.01
3.01
-2.57
2.93
3.05
2.85
2.86

Fe3
3.00
-2.88
-3.04
-3.00
-3.02
3.24
-3.15
3.27
2.64
3.30
291
3.20
-3.23
-3.24
-3.29
2.69
-3.26
3.16
-3.19
3.02

OBSs-2BH2s (Ms = 1), QM-C region, r’'SCAN

3.1

-0.43

3.33

2.23

-3.15

Fe4
2.92
-2.87
3.13
-2.89
3.18
3.24
3.17
-2.90
-3.12
3.20
2.89
-3.00
-3.17
-3.24
-3.20
2.51
3.06
-3.18
3.00
-3.18

-3.11

Fe5
-3.16
3.03
2.99
3.15
-3.00
3.10
2.77
-2.96
-3.00
-2.92
-3.03
2.80
2.64
-3.09
2.92
2.12
2.99
-2.77
-2.79
3.00

2.94

Fe6
-1.48
-1.13
-0.42
1.43
-1.39
-0.74
-0.88
-1.83
0.70
-0.67
0.86
-1.36
-3.35
0.67
0.62
-3.07
1.08
0.86
1.27
1.26

2.98

Fe7
-2.88
2.92
2.83
2.88
2.73
-2.79
-2.78
2.57
-2.89
3.01
-2.92
-2.88
2.70
2.80
-3.00
1.82
-2.65
2.81
2.89
-2.73

-2.70

Table S35. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the OBSg-BH2s-TH2 model.

BS567
BS234
BS134
BS257
BS356
BS467
BS256
BS357
BS367
BS456
BS457
BS156
BS157
BS167
BS235

BS235
(H-to-hyd)

OBSg-BH26-TH: (Ms = 2), QM-A region, H-to-homo, r’'SCAN

AE(polarized QM)  AE(QM/MM)

26.7
3.9
23.0
16.1
8.5
11.2
16.1
12.6
211
14.6
151
54
29
4.7
-0.9

-2.2

30.1
6.2
23.3
174
10.3
14.4
17.3
15.0
251
18.9
17.6
7.8
6.1
8.2
1.2

0.2

Mo
1.18
-1.19
-1.25
0.36
0.34
0.37
0.43
0.19
0.45
0.50
0.22
0.20
0.22
0.19
-0.39

-0.37

Fel
3.25
3.31
-3.08
2.79
3.35
3.33
3.13
3.34
3.43
3.51
3.30
-3.34
-3.29
-3.34
3.30

3.29

Fe2
1.13
-2.11
2.77
-2.57
2.37
2.33
-2.74
2.27
2.60
2.52
2.04
2.34
2.59
2.31
-2.28

-2.24

Fe3
3.29
-2.80
-1.10
2.31
-3.13
3.02
2.48
-3.11
-3.17
3.39
3.26
3.21
3.23
3.03
-3.03

-3.03

Fe4
3.19
-2.77
-2.86
3.09
3.01
-3.11
3.09
3.17
3.18
-3.12
-3.05
2.98
3.15
3.16
3.13

3.13

Fe5
-3.01
3.09
3.08
-2.83
-2.84
2.92
-2.98
-2.84
2.82
-2.85
-2.39
-2.66
-2.56
3.08
-2.89

-2.90

Fe6
-2.65
2.63
3.23
3.07
-2.29
-2.33
-2.52
2.87
-291
-3.02
2.94
-1.76
3.05
-1.79
2.76

2.71

Fe7
-2.80
3.00
3.06
-2.68
2.82
-2.67
2.66
-2.21
-2.69
2.60
-2.63
2.99
-2.38
-2.52
2.71

2.74

38/58



BS247
BS346
BS236
BS237
BS245
BS246
BS345
BS347
BS126
BS137
BS145
BS125
BS17

BS135
BS136
BS146
BS147

BS1567
BS234
BS123
BS124
BS134
BS356
BS467
BS256
BS267
BS367
BS456
BS156
BS157
BS167
BS235
BS247
BS346
BS236
BS237
BS245
BS246
BS347
BS126
BS137
BS145
BS125
BS127

-1.9
3.8
3.9
3.4
6.5
4.6
8.2
8.6
3.7
10.4
10.4
8.9
10.7
11.8
14.3
22.6
15.9

1.7
6.2
5.5
6.1
9.0
7.1
10.3
10.7
6.0
13.3
12.3
9.4
13.4
14.0
15.8
23.3
17.5

-0.33
-0.30
-0.38
-0.48
-0.45
-0.38
-0.42
-0.43
-0.29
-0.53
-0.47
-0.46
-0.36
0.74
-0.51
-0.31
-0.44

3.27
3.32
3.25
3.27
3.24
3.22
3.27
3.27
-3.29
-3.22
-3.25
-3.29
-3.29
-3.22
-3.22
-1.96
-1.90

OBSg-BH26-TH: (Ms = 1), QM-A region

AE(polarized QM)  AE(QM/MM)

36.2
1.9
144
134
22.1
10.0
131
18.2
20.3
17.9
19.6
-0.8
-0.6
-0.2
17.0
6.7
0.5
9.7
11.9
15.8
11.2
15
9.8
6.9
7.4
5.9
6.0

37.2
5.8
16.8
151
23.1
12.7
15.6
18.9
21.8
18.7
21.8
25
2.5
2.6
18.5
8.4
2.2
11.2
13.3
19.1
14.2
3.9
124
10.0
8.7
9.1
8.4

Mo
1.12
-1.00
-1.23
-1.24
-1.10
0.41
0.46
0.40
0.40
0.34
0.40
0.42
0.29
0.42
-0.43
-0.24
-0.39
-0.20
-0.29
-0.13
-0.11
-0.31
-0.22
-0.47
-0.47
-0.41
-0.42

Fel
-0.81
3.34
-3.35
-3.31
-2.86
3.18
3.14
3.17
3.12
3.00
3.04
-3.32
-3.34
-3.33
1.92
3.23
3.29
3.25
3.27
3.25
3.23
3.32
-3.30
-3.22
-3.26
-3.29
-3.30

-2.29
2.89
-2.42
-2.45
-2.38
-2.38
2.87
2.90
-2.68
2.70
2.80
-2.13
-0.14
2.68
2.82
2.45
2.56

Fe2
2.60
-2.31
-2.42
-2.44
2.75
0.78
0.79
-2.70
-2.71
1.28
1.28
2.21
2.03
2.20
-2.32
-2.69
2.40
-2.69
-3.02
-2.41
-2.55
2.84
-2.68
2.53
2.61
-2.69
-2.70

3.13
-2.96
-3.14
-3.19
3.14
3.15
-2.93
-2.40
3.22
-2.47
3.28
3.25
291
-2.96
-3.03
3.22
3.05

Fe3
3.45
-3.19
-3.09
3.21
-2.05
-3.10
3.12
0.80
3.02
-3.09
3.21
3.06
3.09
2.94
-3.00
3.07
-3.02
-3.26
-3.21
2.88
2.73
-3.16
3.05
-3.17
3.21
3.10
2.98

-3.00
-2.93
3.16
3.13
-3.12
-3.08
-2.36
-2.97
3.20
3.19
-2.59
3.08
3.01
3.13
3.26
-2.74
-2.69

, H-to-homo, r’'SCAN

Fe4
3.04
-2.96
3.21
-3.05
-2.99
3.13
-3.07
3.06
0.86
3.15
-3.07
2.90
2.98
3.02
2.88
-3.04
-3.00
2.79
2.99
-3.15
-3.15
-3.12
3.09
3.15
-3.15
2.95
3.10

2.85
291
2.94
2.89
-2.69
2.97
-2.55
3.06
3.02
3.10
-2.27
-2.89
241
-2.87
3.13
2.89
2.98

Fe5
-2.89
2.89
3.04
3.00
3.00
-2.85
2.86
-3.04
2.70
2.82
-2.78
-2.84
-2.81
2.69
-2.86
2.82
2.88
2.29
2.87
-2.73
2.74
2.91
2.55
3.01
-2.67
-2.85
2.72

2.76
-2.24
-2.98
2.95
2.95
-2.96
2.74
2.70
-2.67
3.13
3.14
3.07
2.54
3.35
-1.72
-2.81
3.04

Fe6
-2.48
2.46
2.72
2.67
2.60
-2.62
-2.67
-2.85
-2.80
-2.99
-2.96
-2.73
2.89
-2.74
2.73
151
-3.09
-2.98
1.99
2.71
-2.98
2.32
-2.78
2.84
2.87
2.54
2.34

-2.82
2.76
2.86
-2.60
2.72
2.84
2.93
-2.44
291
-2.12
2.99
2.94
-2.83
2.95
291
2.96
-2.74

Fe7
-2.47
2.27
2.83
2.92
2.63
2.76
-2.70
2.63
-2.91
-2.54
2.70
2.57
-2.70
-2.72
2.73
-2.89
2.77
2.58
-2.82
1.31
1.89
-2.69
2.13
-2.54
2.89
2.41
-2.78
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BS135 13 3.6 -0.50  -3.23

BS136 5.2 8.5 -0.33 | -3.25
BS146 5.1 7.1 -0.31  -3.28
BS147 -0.3 2.0 -045 -3.26

2.62
2.39
2.42
2.64

-3.03
-3.05
3.27
3.09

3.06
3.18
-3.05
-3.03

OBSs-BH2-TH: (Ms = 0), QM-A region, H-to-homo, r’'SCAN

AE(polarized QM) AE(QM/MM) Mo  Fel

BS1567 10.8 14.2 1.01 -3.32
BS234 11.0 14.3 -0.98  3.32
BS123 19.1 224 -1.16  -3.52
BS124 20.2 20.5 -1.12 -3.35
BS134 15.7 15.7 -1.03  -3.34
BS257 6.0 8.1 033 -3.31
BS2356 2.1 4.3 039 3.29
BS2467 3.5 6.3 037 @ 3.23
BS2357 5.3 7.4 011 3.28
BS2367 11.9 14.4 026  3.25
BS2457 6.1 9.4 017 @ 3.24
BS156 7.8 10.4 0.63 -3.35
BS157 5.2 7.2 042 -3.33
BS167 7.6 11.0 052 @ -3.34
BS235 22.0 23.9 -0.25  1.73
BS346 6.0 8.2 -0.38  3.31
BS2346 5.5 7.4 -0.45 | 3.32
BS345 7.2 10.3 -0.39 331
BS347 9.7 12.6 -0.36 | 3.25
BS137 131 16.9 -0.35 | -3.19
BS145 12.1 14.4 -0.30  -3.25
BS125 11.0 13.9 -0.36  -3.27
BS127 11.2 13.3 -0.31 | -3.27
BS135 3.7 6.3 -0.38  -3.23
BS136 6.6 95 -0.21 | -3.24
BS146 5.4 7.5 -0.14  -3.28
BS147 2.1 4.4 -0.40 | -3.29

Fe2
2.34
-2.35
-2.56
-2.51
2.82
-0.04
-2.22
-2.36
-2.20
-2.12
-2.20
2.13
2.09
2.12
-2.60
-0.12
-2.10
0.07
0.24
1.95
2.06
-2.88
-2.87
2.40
2.17
2.19
2.22

Fe3
3.25
-3.24
-3.32
2.99
-3.20
3.00
-2.91
3.14
-2.95
-3.03
3.13
2.99
2.77
2.85
-3.05
-2.93
-2.75
-3.07
-3.04
-3.21
3.06
2.33
2.88
-3.13
-3.11
2.98
2.92

OBSs-BH26-TH: (Ms = 2), QM-C region, r’SCAN

BS235 0.9 3.3 -0.37  3.30

Table S36. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see

-2.23

-3.01

Fe4
3.22
-3.21
3.14
-3.14
-3.19
2.91
3.13
-2.90
3.12
3.20
-2.91
2.86
2.75
2.92
2.79
-2.89
-2.73
-3.06
-3.06
2.97
-3.19
2.87
2.28
2.91
2.93
-3.11
-3.12

3.13

-2.82
3.09
2.92
2.97

Fe5
-2.21
2.20
2.97
2.84
2.84
-2.89
-2.78
291
-2.71
2.75
-2.22
-2.97
-3.10
1.44
-3.00
2.93
3.09
-2.80
2.96
2.37
-2.73
-3.01
241
-2.92
2.21
2.73
2.81

-2.88

3.06
-2.85
-2.87
3.03

Fe6
-1.94
1.91
2.22
1.70
2.90
3.05
-2.32
-1.92
2.96
-2.50
2.99
-2.96
2.29
-3.05
1.68
-3.04
-2.25
2.94
2.57
2.60
2.55
2.44
2.12
1.87
-3.00
-2.96
2.28

2.69

ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the OBS,-BH2s-THs model.

OBS2-BH26-THg (Ms = 2), QM-A region, H-to-Cys

AE(polarized QM) = AE(QM/MM) = Mo Fel
BS567 41.5 44.4 1.01 156
BS234 21.5 23.7 -1.07 = 3.33
BS13 25.3 31.0 -1.15  -3.48
BS356 20.0 21.7 022 3.27

Fe2
2.56
-2.05
2.37
2.07

Fe3

3.07
-2.59
-3.32
-3.15

Fed
3.12
-2.59
2.68
2.94

Fe5
-3.01
3.15
2.90
-2.84

Fe6
-1.79
2.19
2.10
-1.75

2.86
2.82
2.97
-2.74

Fe7
-2.09
2.08
2.53
2.61
2.51
-2.72
2.84
-2.86
-2.06
-2.19
-2.57
1.10
-2.98
-2.85
2.70
2.74
2.98
2.76
-2.64
-2.65
2.15
2.09
-2.90
2.85
2.59
2.02
-2.84

2.74

Fig-

Fe7
-2.79
3.07
2.57
2.78
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BS256
BS267
BS367
BS456
BS457
BS156
BS167
BS247
BS237
BS245
BS345
BS125
BS127
BS147

BS2567
BS234
BS123
BS356
BS456
BS157
BS167
BS235
BS247
BS346
BS237
BS245
BS347
BS137
BS125
BS127
BS135
BS147

BS147
(H-to-Phe)
BS147
(H-to-hyd)

BS1567
BS123
BS124

BS2356

BS2467

27.3
30.4
30.1
28.3
21.4
14.0
12.7
15.9
20.4
24.7
20.0
24.8
23.0
26.9

AE(polarized QM)  AE(QM/MM)

25.3
16.4
35.1
25.9
38.6
13.6
16.8
11.0
11.7
15.3
15.6
20.6
9.6
19.7
14.2
13.1
11.6
9.6

145

105

AE(polarized QM) = AE(QM/MM)

17.5
26.5
26.8
12.8
13.0

30.5
33.9
32.2
31.2
29.1
17.3
16.9
19.5
24.0
27.8
23.5
27.2
26.4
30.2

0.25
0.21
0.11
0.26
0.39
0.19
0.07
-0.24
-0.33
-0.29
-0.30
-0.40
-0.47
-0.41

2.71
3.31
3.29
3.24
3.51
-3.37
-3.37
3.32
3.30
3.30
3.30
-3.32
-3.28
-1.80

-3.14
-3.09
2.24
3.13
3.16
2.39
2.31
-2.16
-2.50
-2.43
2.95
-2.36
-2.33
3.09

2.77
2.92
-3.24
1.96
341
3.08
2.97
3.18
-3.11
3.25
-2.94
3.34
3.21
3.15

3.17
2.90
291
-3.02
-3.06
2.92
3.13
-2.95
3.20
-3.06
-2.39
3.13
3.30
-2.91

OBS,-BHas-THs (Ms = 1), QM-A region, H-to-Cys, ’SCAN

28.6
19.2
38.4
26.6
40.4
17.9
20.1
14.9
14.9
19.3
19.5
25.1
14.2
24.5
18.6
16.9
16.0
13.6

17.2

14.0

Mo
0.92
-0.95
-1.01
0.24
0.32
0.22
0.29
-0.08
-0.23
-0.40
-0.30
-0.11
-0.23
-0.29
-0.29
-0.33
-0.37
-0.42

-0.40

-0.41

Fel
3.52
3.36
-3.23
3.13
3.12
-3.38
-3.36
3.31
3.29
3.30
3.31
3.27
3.34
-3.28
-3.33
-3.32
-3.31
-3.32

-3.32

-3.32

Fe2
-2.82
-2.21
-1.06
0.26
0.64
2.42
2.17
-2.72
-2.82
2.46
-3.15
-3.09
3.04
2.88
-2.93
-2.95
3.11
3.13

3.20

3.11

Fe3
3.39
-3.17
-3.19
-3.09
3.21
3.05
2.86
-3.03
3.15
-3.13
-3.18
3.19
-3.20
-3.11
3.29
3.14
-3.08
3.20

3.19

3.19

Fe4
3.24
-2.91
2.89
3.11
-3.10
2.95
2.94
3.09
-3.00
-3.05
3.12
-3.08
-3.17
3.21
3.10
3.25
3.16
-3.11

-3.14

-3.09

OBS,-BH2-TH5 (Ms = 0), QM-A region, H-tO-CyS, r’SCAN

22.2
31.9
28.6
154
16.3

Mo
0.86
-1.13
-1.01
0.26
0.29

Fel
-3.36
-3.48
-3.34
3.33
3.29

Fe2
2.41
-3.09
-2.32
-2.54
-2.83

Fe3

3.25
-3.35
3.06
-3.06
3.14

Fe4
3.22
3.10
-3.16
3.13
-3.02

-2.99
2.64
2.99
-2.92
-2.95
-2.86
3.00
2.87
3.00
-2.56
-2.23
-2.38
3.13
291

Fe5
-2.89
2.97
2.88
-2.81
-3.01
-2.69
2.42
-2.99
2.86
2.74
2.97
-2.97
2.93
3.01
-2.79
3.02
-2.49
2.92

291

2.92

Fe5
-2.50
3.26
2.87
-2.81
2.95

-1.86
-2.28
-1.95
-1.86
1.80
-1.16
-1.58
2.19
2.35
2.38
2.22
2.42
2.12
2.13

Fe6
-1.85
1.72
2.43
-2.18
-2.03
2.21
-2.14
1.43
141
-2.65
1.82
1.89
1.86
2.22
1.94
1.85
2.07
2.12

2.10

2.11

Fe6
-1.47
2.12
1.48
-1.67
-1.41

2.60
-2.87
-2.72
2.71
-2.75
2.75
-2.61
-2.63
-2.34
2.87
291
3.04
-2.02
-2.39

Fe7
-2.58
2.82
2.60
2.81
2.48
-2.56
-2.82
2.72
-2.81
2.62
-2.70
2.77
-2.55
-2.53
2.92
-2.65
2.82
-2.40

-2.39

-2.39

Fe7
-2.37
2.96
2.72
2.83
-2.72
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BS357
BS157
BS167
BS247
BS126
BS135
BS136
BS146

BS147

Table S37. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the OBSg-DH2 model.

BS234
BS123
BS14
BS134
BS257
BS256
BS267
BS157
BS167
BS235
BS247
BS236
BS237
BS245
BS246
BS345
BS347
BS126
BS137
BS145
BS125
BS127
BS135
BS147

BS234
BS123
BS124

29.5
154
31.0
13.0
29.3
13.0
24.6
20.4

14.9

30.1
17.9
34.2
16.3
34.4
16.3
28.1
24.9

OBSz-BHze-THs (Ms = 1)

14.5

OBSs-DH; (Ms = 2), QM-A region, H-to-homo, r’'SCAN

AE(polarized QM) = A(QM/MM)

2.3
23.2
194
22.0
17.2
18.9
15.8
3.2
54
1.2
0.0
11
4.2
7.3
3.3
7.1
8.1
4.4
8.9
7.9
8.4
7.9
13.1
10.7

2.2
9.8
12.4

4.2
23.6
18.4
21.0
16.6
17.7
14.9

5.3

7.8

1.8

2.3

2.0

4.9

7.7

4.0

7.5

8.4

5.7

9.4

8.0

8.4

7.7
13.2
110

OBSs-DH; (Ms = 1), QM-A region, H-to-homo, r’SCAN
AE(polarized QM) = AE(QM/MM)

5.3
13.4
12.2

0.62
0.59
0.30
0.29
-0.14
-0.32
-0.25
-0.24

-0.36

Mo
-1.09
-1.17
-1.14
-1.28
0.43
0.42
0.41
0.13
0.12
-0.33
-0.26
-0.31
-0.38
-0.35
-0.31
-0.38
-0.40
-0.31
-0.54
-0.48
-0.37
-0.35
-0.61
-0.65

Mo
-0.99
-1.17
-1.13

2.93
-3.36
-3.31
3.29
-3.33
-3.29
-3.30
-3.30

, QM-C region, r’'SCAN

-3.31

Fel
3.34
-3.00
-3.24
-3.13
2.89
2.96
3.26
-3.40
-3.37
3.32
3.29
3.31
3.31
3.29
3.29
3.30
3.29
-3.30
-3.28
-3.31
-3.28
-3.28
-3.28
-3.32

Fel

3.36
-3.35
-3.33

1.37
2.48
1.87
-2.84
-3.12
2.87
2.33
2.30

3.12

Fe2
-2.11
-2.39
0.93
2.83
-2.54
-2.54
-2.87
2.81
2.76
-2.45
-2.44
-2.69
-2.69
-2.65
-2.67
2.98
2.95
-2.69
2.83
291
-2.39
-2.33
2.81
2.84

Fe2
-2.44
-2.86
-2.83

-3.14
2.93
2.87
3.14
3.11
-3.14
-3.18
2.80

3.19

Fe3
-2.87
-2.28
2.70
-1.29
2.42
2.69
2.99
3.24
3.15
-3.10
3.15
-3.17
-3.22
3.09
3.13
-3.08
-2.64
3.26
-2.62
3.30
3.31
3.13
-2.96
3.29

Fe3
-3.21
-3.17
3.19

3.09
2.82
141
-3.02
2.59
3.03
2.85
-3.19

-3.09

Fe4
-2.85
3.22
-3.23
-2.87
3.14
3.19
3.14
3.12
3.19
3.14
-3.04
3.14
3.11
-3.15
-3.11
-2.68
-3.08
3.24
3.22
-2.71
3.14
3.28
3.24
-3.01

Fed
-3.04
3.20
-3.16

-3.03
-3.02
2.21
2.95
1.79
-2.94
1.93
2.72

291

Fe5
3.06
3.08
2.76
3.11
-2.93
-3.01
2.79
-2.59
3.09
-2.88
2.88
3.05
2.98
-2.71
3.01
-2.70
3.06
3.06
3.11
-2.31
-2.82
3.08
-1.87
3.03

Fe5
2.78
3.06
3.10

1.13
0.97
-2.10
-1.41
-2.41
1.36
-2.60
-2.38

2.13

Fe6
2.86
3.06
2.90
3.24
2.96
-2.99
-2.93
3.03
-2.32
2.95
2.89
-2.87
3.07
3.09
-2.86
3.00
2.97
-2.71
3.13
3.16
3.04
2.98
3.22
3.18

Fe6
2.84
3.14
3.17

-2.83
-2.84
-2.89
-2.72
1.67
2.72
2.48
1.52

-2.44

Fig-

Fe7
2.94
3.02
2.59
3.06
-2.79
2.72
-2.96
-2.36
-2.61
2.74
-2.82
2.90
-2.62
2.85
2.95
2.94
-2.58
2.95
-2.15
3.01
2.96
-2.75
2.97
-1.64

Fe7
2.32
3.00
2.90
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BS134
BS356
BS467
BS256
BS267
BS357
BS367
BS456
BS156
BS167
BS235
BS346
BS236
BS237
BS246
BS345
BS126
BS137
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS147
(H-to-Phe)
BS147
(H-to-Val)

BS2567
BS134
BS257

BS2467
BS267

BS2357

BS2367

BS2456
BS457
BS156
BS157
BS167

BS2345
BS247
BS236

19.3
124
12.5
29.1
20.8
16.2
18.8
18.8
2.6
2.9
6.7
0.8
8.5
22.7
9.9
4.0
10.5
6.8
5.3
8.6
9.2
1.2
6.7
6.1
0.0

-1.0

15.6
15.6
6.0
6.6
33.9
8.2
13.4
15.6
28.6
11.7
8.1
12.7
12.8
26.8
23.8

18.2
134
14.9
27.8
20.6
15.8
18.7
19.8
3.7
3.8
7.7
1.6
8.6
23.1
11.6
4.6
12.0
7.4
5.6
10.5
9.2
1.2
8.0
6.5
0.0

0.4

1.7

OBSg-DH; (Ms = 0), QM-A region, H-to-homo, ’'SCAN
AE(polarized QM)  AE(QM/MM)

15.8
15.7
8.1

8.6

32.0
8.9

14.6
17.4
28.1
12.5
8.3

15.3
15.3
25.4
23.2

-1.21
0.29
0.34
0.41
0.42
0.28
0.37
0.37
0.39
0.38
-0.36
-0.39
-0.17
-0.38
-0.09
-0.43
-0.40
-0.47
-0.47
-0.34
-0.33
-0.47
-0.53
-0.46
-0.43

-0.42

-0.40

Mo
1.01
-1.03
0.33
0.42
0.36
0.14
0.28
0.41
0.29
0.55
0.41
0.26
-0.30
-0.18
-0.19

-3.31
3.20
3.16
0.83
3.20
2.71
3.04
3.13
-3.36
-3.36
3.28
3.30
3.29
1.89
3.26
3.30
-3.32
-3.29
-3.32
-3.34
-3.34
-3.29
-3.30
-3.33
-3.32

-3.31

-3.31

Fel
3.33
-3.34
-3.31
3.27
0.60
3.29
3.31
3.24
0.44
-3.37
-3.34
-3.34
3.33
2.66
1.87

291
1.08
1.08
-2.61
-2.81
2.62
2.40
2.63
2.33
2.30
-2.96
2.43
-2.85
-2.66
-2.77
2.57
-2.82
2.69
2.73
-2.80
-2.78
2.74
2.68
2.69
2.74

2.73

2.73

Fe2
-2.82
2.82
-0.05
-1.62
-2.95
-2.11
-2.55
-1.18
2.59
2.19
1.93
2.27
-2.21
-2.60
-2.89

-3.03
-3.14
3.19
3.04
3.00
-3.14
-3.21
2.61
3.11
3.01
-3.17
-3.09
-3.27
-3.16
2.93
-3.19
3.12
-3.22
3.18
3.08
3.00
-3.12
-3.19
3.28
3.10

3.09

3.09

Fe3
3.20
-3.20
3.00
3.22
2.85
-3.02
-3.09
3.27
3.05
3.02
2.76
2.78
-2.76
1.29
-3.26

-3.01
3.17
-3.10
3.15
1.27
2.90
2.99
-3.18
2.98
3.06
3.02
-3.08
2.98
2.84
-3.16
-3.25
2.78
3.12
-3.19
3.00
3.03
3.06
3.20
-3.20
-3.12

-3.13

-3.13

Fe4
3.19
-3.20
291
-2.89
2.56
3.14
3.22
-3.01
-3.11
2.89
2.75
2.08
-2.14
-3.16
2.68

3.23
-2.91
2.84
-3.00
2.73
-3.04
2.56
-3.01
-2.93
2.71
-3.06
2.89
2.31
2.97
2.74
-2.89
2.63
3.01
-2.77
-2.88
2.70
-2.81
3.06
2.92
2.95

2.96

2.96

Fe5
-2.82
2.84
-2.89
2.89
2.73
-2.72
3.00
-2.94
-3.04
-2.92
-3.10
2.32
-2.32
2.85
2.37

3.16
-2.78
-2.82
-2.95
-2.99
2.76
-3.11
-3.07
-2.86
-2.88
2.37
-3.00
-3.00
3.06
-2.96
2.92
-2.77
2.96
2.97
2.84
2.81
3.03
-2.68
-2.70
3.01

3.00

2.99

Fe6
-2.90
2.90
3.05
-2.89
-2.97
3.05
-2.66
-2.90
2.87
-3.12
2.40
-2.93
2.95
2.56
-3.00

2.97
2.76
-2.78
2.76
-2.94
-2.94
-2.90
2.51
2.59
-2.82
2.63
2.77
2.58
-2.62
191
2.85
2.79
-2.67
2.89
2.51
-2.83
2.85
2.82
2.95
-2.73

-2.72

-2.73

Fe7
-2.49
2.52
-2.72
-2.76
-2.98
-2.18
-1.94
2.72
-2.93
1.09
-2.99
-2.89
2.88
-2.91
2.67
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BS246
BS345
BS126
BS137
BS145
BS135
BS136
BS146

BS147

25.3
9.3
19.1
16.1
13.4
7.4
9.2
8.2

0.0

24.8
11.3
20.9
17.3
14.6
8.5

10.5
9.0

-0.12
-0.39
-0.40
-0.45
-0.31
-0.45
-0.26
-0.18

2.29
3.30
-3.32
-3.23
-3.31
-3.27
-3.26
-3.29

-2.86
0.12
-3.02
1.18
2.54
161
2.12
2.09

2.28
-3.11
2.70
-3.27
3.10
-3.21
-3.14
3.03

OBSs-DH; (Ms = 1), QM-C region, r’'SCAN

0.0

-0.40

-3.31

2.70

3.07

-3.29
-3.10
2.57
3.00
-3.22
2.88
2.97
-3.13

-3.10

2.82
-2.82
2.83
2.97
-2.99
-2.90
2.33
2.74

2.95

-3.01
3.00
-3.12
2.94
2.74
2.92
-3.05
-3.03

3.02

2.24
2.77
2.28
-2.72
1.87
2.78
2.60
2.15

-2.73

Table S38. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-

ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the OBS,-DHs model.

BS567
BS257
BS357
BS456
BS457
BS157
BS346
BS346
(H-to-Val)
BS346
(H-to-Phe)
BS236
BS246
BS136

BS146

BS257
BS357
BS457
BS156
BS157
BS235
BS347
BS126
BS125
BS127
BS136
BS146

35.0
114
16.3
24.4
14.9
8.9
-0.7

1.3

3.8

7.2
104
10.9

9.1

17.7
18.2
19.8
13.9
8.0
8.4
51
16.2
8.2
6.5
16.2
144

OBS,-DHg (Ms = 2), QM-A region, H-to-Cys, r’'SCAN
AE(polarized QM) AE(QM/MM)

39.7
17.9
21.7
28.4
22.7
17.7
5.7

7.6

9.1

13.1
17.3
16.8
14.9

OBS,-DHg (Ms = 1), QM-A region, H-to-Cys, r’'SCAN
AE(polarized QM)  AE(QM/MM)

22.8
21.9
241
18.3
15.9
13.4
10.8
22.8
13.8
12.0
21.5
19.5

Mo
1.04
0.37
0.37
0.37
0.34
0.13
-0.41

-0.36

-0.37

-0.34
-0.38
-0.59
-0.53

Mo
0.67
0.40
0.36
0.27
0.44
-0.18
-0.39
-0.23
-0.40
-0.34
-0.43
-0.29

Fel
1.56
3.49
3.46
3.20
3.49
-3.37
3.34

3.36

3.35

3.29
3.26
-3.28
-3.29

Fel
3.25
3.35
3.33
-3.37
-3.35
3.28
3.31
-3.33
-3.33
-3.33
-3.25
-3.28

Fe2
2.83
-3.17
3.19
3.17
3.20
3.34
3.08

3.12

3.11

-3.13
-3.18
3.16
3.14

Fe2
-3.14
2.31
2.23
2.33
3.03
-2.88
2.93
-3.17
-3.03
-3.03
2.79
291

Fe3
3.10
3.27
-3.12
2.41
3.36
3.25
-3.08

-3.08

-3.06

-3.28
3.13
-3.13
3.32

Fe3
2.93
-3.21
3.20
2.99
3.01
-3.04
-3.26
3.10
3.28
3.14
-3.20
2.91

Fed
3.14
3.15
3.34
-3.09
-3.11
3.17
-3.08

-3.05

-3.08

3.14
-3.21
3.26
-3.15

Fe4
3.02
3.13
-3.19
2.86
2.98
3.17
-3.22
3.09
3.14
3.25
2.67
-3.21

Fe5
-3.00
-2.91
-2.91
-2.99
-2.98
-2.55
2.88

2.86

2.87

3.03
2.94
3.10
2.97

Fe5
-3.09
-3.03
-3.02
-2.93
-2.90
-3.03
2.96
2.20
-2.89
3.09
2.77
2.67

Fe6
-2.19
2.06
2.02
-2.24
1.99
2.30
-2.06

-2.12

-2.12

-2.02
-1.94
-1.73
-1.70

Fe6
154
1.86
1.92
-2.40
2.03
1.69
2.40
-1.64
2.31
2.27
-1.84
-1.80

Fe7
-2.81
-2.70
-2.90
2.70
-2.78
-2.39
2.75

2.72

2.73

2.83
2.92
2.87
3.00

Fe7
-2.93
-2.90
-2.88
2.46
-2.81
2.71
-2.72
2.02
2.99
-2.83
2.60
2.28
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BS2346
BS257
BS2356
BS357
BS237
BS456
BS457
BS157
BS235
BS2467
BS245
BS345
BS347
BS137
BS145
BS125
BS127
BS135
BS147

BS346

OBS,-DHg (Ms = 0), QM-A region, H-to-Cys, r’'SCAN
AE(polarized QM)  AE(QM/MM)

12.4
28.4
12.6
27.4
171
10.5
25.7
12.3
25.2
11.0
19.3
10.5
8.2

19.2
16.9
8.5

10.1
11.0
8.5

6.6

16.1
325
16.1
28.9
22.1
14.4
30.2
16.0
29.8
16.4
25.3
14.4
14.4
25.2
221
14.3
14.2
16.4
13.7

Mo Fel Fe2
-042 337  -211
0.89 291 -3.10
033 330 -2.79
039 301 1.30
018 329 -3.18
-0.01 333  3.02
041  3.04 114
041 -3.37 210
-0.21 178 @ -2.93
023 328 -3.18
011 327 -3.18
-0.01 333  3.02
001 333  3.02
-0.14 -3.27 3.16
-0.19 -329  3.17
-0.02  -3.33  -3.00
-0.03  -3.33  -3.00
-0.26  -3.28 @ 3.18
-0.29  -3.30 3.11

Fe3
-2.92
2.16
-3.07
-3.17
-3.22
-3.18
3.05
2.96
-3.02
3.13
3.16
-3.18
-3.21
-3.15
3.24
3.23
3.18
-3.12
3.07

OBS,-DHg (Ms = 2), QM-C region, r’'SCAN

7.1

-0.44

3.32

3.08

-3.06

Fe4
-2.85
3.11
3.16
3.05
3.10
-3.20
-3.13
2.89
2.94
-3.05
-3.14
-3.20
-3.16
3.15
-3.09
3.17
3.21
3.06
-3.16

-3.06

Fe5
3.01
-3.02
-2.80
-3.01
2.81
-2.88
-3.05
-3.02
-3.03
2.93
-2.81
-2.88
2.79
2.84
-2.79
-2.77
2.92
-2.93
2.82

2.87

Fe6
-1.60
0.04
-1.45
1.55
-0.20
0.19
1.66
1.56
1.82
-0.81
0.22
0.20
-0.06
-0.24
0.13
-0.09
-0.23
0.79
0.98

-2.06

Fe7
2.89
-2.89
2.85
-2.92
-2.82
2.64
-2.90
-2.90
2.75
-2.71
2.27
2.64
-2.68
-2.28
2.85
2.75
-2.64
2.72
-2.84

2.77

Table S39. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-

ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the CBS37-OBS2-BH2s model.

BS567
BS234
BS356
BS467
BS256
BS267
BS357
BS367
BS456
BS457
BS156
BS157
BS167
BS235
BS247
BS236
BS237

CBS37-OBS2-BHas (Ms = 2), QM-A region, Hszs-t0-Cys-Hssa-to-Arg359, r’'SCAN

AE(polarized QM)
47.1
31.0
36.4
33.0
35.6
333
30.5
35.4
33.7
334
33.8
30.4
30.7
22.7
23.3
28.7
23.7

AE(QM/MM)
45.7
305
35.3
32.4
36.9
34.1
305
33.9
34.2
336
32.8
33.4
29.7
26.7
25.9
30.8
26.8

Mo
1.25
-1.14
0.31
0.25
0.20
0.07
0.48
0.39
0.27
0.38
0.34
0.40
0.17
-0.31
-0.38
-0.44
-0.21

Fel
2.77
3.35
3.23
3.34
3.31
3.31
3.28
3.27
3.36
3.36
-3.15
-3.18
-3.23
3.29
3.33
3.28
3.32

Fe2
2.78
-2.20
2.77
2.80
-3.19
-3.21
2.88
2.78
3.08
2.94
2.62
2.83
2.68
-2.86
-2.91
-2.68
-3.08

Fe3
2.62
-2.65
-3.05
2.94
3.15
3.03
-2.93
-3.01
2.99
3.18
3.13
3.10
3.01
-2.94
3.04
-3.10
-3.04

Fed
3.10
-2.85
3.02
-3.14
3.16
3.16
3.25
3.01
-3.10
-3.03
3.05
3.10
3.20
3.15
-3.03
3.05
3.18

Fe5
-3.13
3.11
-2.93
2.90
-2.97
2.81
-2.97
281
-3.00
-3.01
-2.84
-2.86
3.01
-2.50
2.93
3.00
3.05

Fe6
-2.73
2.77
-2.48
-2.63
-2.70
-2.68
2.42
-2.80
-2.75
2.50
-2.50
2.91
-2.38
2.82
2.69
-2.39
2.69

Fe7
-3.01
2.98
2.74
-2.80
2.64
-2.91
-2.87
-2.84
2.77
-2.71
2.98
-2.58
-2.71
2.76
-2.16
2.79
-2.49
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BS245
BS246
BS345
BS347
BS126
BS145
BS125
BS136
BS146

BS124
BS134
BS257
BS356
BS3467
BS2356
BS357
BS367
BS456
BS156
BS157
BS167
BS235
BS247
BS346
BS236
BS237
BS245
BS246
BS345
BS347
BS126
BS145
BS125
BS127
BS135
BS136
BS146
BS147
BS147

(Hsze-to-hyd-Hssa-to-Arg359)

BS147

(Hsze-to-Cys-Hssa-to-Arg96)

BS147

(Hszs-to-hyd-Hssa-to-Arg96)

31.2
28.5
29.5
24.2
32.6
35.3
28.7
33.1
32.3

315
30.4
314
27.2
324
35.6
324
35.7
33.6

-0.41
-0.48
-0.23
-0.21
-0.67
-0.32
-0.47
-0.71
-0.88

331
3.36
3.30
3.34
-3.30
-3.29
-3.29
-3.35
-3.33

-2.77
-2.68
3.06
2.97
-2.84
3.19
-2.70
3.07
3.07

3.05
2.98
-3.00
-2.56
3.01
3.24
3.24
-2.88
3.22

-2.70
-3.15
-2.86
-3.07
3.20
-2.71
3.13
3.26
-3.10

-2.66
2.93
-2.33
2.99
3.07
-2.35
-2.21
3.16
3.08

CBSs7-OBS,-BHzs (Ms = 1), QM-A region, Hsze-t0-Cys-Hssa-t0-Arg359, r’SCAN

AE(polarized QM)
35.4
37.1
37.0
36.6
28.2
36.9
375
40.3
36.6
25.3
31.3
33.7
24.1
25.5
27.6
30.0
32.7
26.8
27.0
28.8
22.4
25.3
30.9
21.9
27.9
27.5
32.8
28.2
21.9

27.1
20.5
220

AE(QM/MM)
35.0
37.1
36.6
35.9
31.1
37.8
35.5
40.2
40.8
275
31.0
335
27.2
30.1
27.9
31.9
33.6
30.6
30.6
28.7
25.9
30.8
31.1
26.7
31.0
275
33.6
28.9
24.7

27.1
25.0
27.3

Mo
-1.41
-1.29
0.72
0.44
0.05
0.31
0.53
0.42
0.28
0.11
0.20
0.27
-0.35
-1.40
-0.43
-1.04
-0.20
-0.48
-0.35
-0.31
-0.10
-0.57
-0.59
-0.48
-0.54
-0.47
-0.55
-0.62
-0.62

-0.61
-0.63
-0.62

Fel
-3.26
-3.31
3.32
3.22
3.32
3.28
3.28
3.18
3.24
-3.38
-3.36
-3.34
3.30
3.33
3.27
3.27
3.28
3.32
3.32
3.28
3.35
-3.33
-3.32
-3.32
-3.27
-3.36
-3.34
-3.30
-3.30

-3.30
-3.30
-3.30

Fe2
-2.34
2.88
-3.22
2.25
3.16
-2.63
2.28
2.80
3.14
2.32
2.11
2.37
-2.84
-2.88
2.72
-3.00
-3.17
-3.06
-3.11
3.05
2.89
-3.03
2.80
-3.08
-3.17
2.69
2.86
2.87
2.49

2.57
2.48
2.58

Fe3
3.10
-2.49
2.87
-3.11
-2.44
-0.52
-3.10
-2.96
0.57
2.98
2.90
291
-2.99
3.09
-3.02
-3.16
-3.17
2.97
2.96
-3.11
-3.06
291
3.13
2.86
2.68
-3.02
-3.10
2.94
3.02

3.05
3.02
3.03

Fe4
-3.05
-2.93
3.06
2.90
-3.02
3.22
3.03
1.38
-2.89
2.98
2.99
2.55
3.12
-3.04
-3.12
2.99
3.03
-3.15
-3.19
-3.01
-3.19
3.12
-2.94
3.06
2.64
3.15
2.95
-3.18
-3.16

-3.16
-3.16
-3.17

Fe5
3.09
3.18
-3.09
-2.93
3.02
-2.91
-3.09
2.70
-2.87
-2.86
-2.83
2.87
-3.00
3.01
2.92
2.98
2.40
-2.93
2.86
-2.88
2.81
2.89
-2.64
-2.72
2.98
-2.48
2.98
2.98
2.96

2.93
2.96
2.92

CBS3-OBS2-BH2s (Ms = 0), QM-A region, Hszs-to-Cys-Hssa-to-Arg359, r’'SCAN

2.82
-2.34
2.75
2.66
-1.73
2.82
2.85
-1.66
-1.28

Fe6
2.83
2.89
1.22
-2.83
-1.35
-2.27
2.05
-2.86
-2.65
-2.52
2.78
-2.66
2.42
2.71
-2.84
-3.12
2.51
2.70
-2.80
2.24
1.76
-2.59
2.82
2.84
2.68
2.76
-2.39
-2.38
2.79

2.76
2.81
2.77

2.88
291
291
-2.52
2.89
3.02
2.97
2.83
3.04

Fe7
3.03
3.00
-2.94
2.00
-1.55
2.81
-2.97
-2.87
2.73
2.58
-2.55
-2.75
2.17
-3.11
2.56
2.81
-2.79
2.60
2.19
2.78
-2.58
2.57
2.84
2.87
-1.80
2.82
2.71
2.83
-2.01

-2.04
-2.00
-2.00
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BS1567
BS234
BS123
BS124
BS134
BS356
BS467

BS2356

BS2367

BS2357

BS3467
BS456

BS2457
BS157
BS167

BS2347

BS2345
BS345
BS347

BS1267
BS137
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS147

AE(polarized QM)
28.8
23.4
29.2
28.5
33.2
35.1
48.2
29.6
344
28.9
28.1
34.7
35.2
30.7
34.3
33.8
40.6
32.6
34.1
32.8
38.4
34.1
28.1
34.9
32.3
34.4
29.2
29.4

AE(QM/MM)
28.8
28.5
31.4
29.5
34.0
39.5
50.8
29.1
34.4
32.1
30.1
35.2
375
35.6
39.4
35.0
39.8
31.0
33.6
31.0
39.4
33.7
30.0
35.1
32.1
375
32.1
29.1

Mo
1.27
-1.29
-1.30
-1.31
-1.24
0.46
0.32
0.47
0.39
0.46
0.40
0.30
0.28
0.52
0.53
-0.25
-0.34
-0.21
-0.07
0.16
-0.37
-0.57
-0.44
-0.33
-0.28
-0.32
-0.49
-0.51

Fel
-2.90
2.91
-3.36
-3.25
-3.32
3.14
0.84
3.30
3.34
3.29
3.32
3.28
3.29
-3.36
-3.34
3.35
3.36
3.24
3.26
-3.24
-3.34
-3.33
-3.32
-3.29
-3.35
-3.30
-3.30
-3.30

Fe2
2.79
-2.85
-3.03
-3.00
2.75
0.12
2.74
-2.55
-2.65
-2.68
3.15
3.18
-2.85
1.98
2.37
-2.40
-2.44
2.34
2.59
-2.34
2.34
2.79
-3.10
-3.17
2.51
2.89
2.67
2.53

Fe3
3.16
-3.15
-3.18
2.90
-3.11
-3.01
2.66
-2.46
-3.05
-2.36
-2.46
-2.14
3.10
2.74
2.64
-1.85
-1.49
-3.12
-3.19
3.11
-3.12
3.06
2.40
2.15
-3.03
-3.11
2.32
2.51

CBS37-OBS2-BHy6 (Ms = 1), QM-C region, r’'SCAN

221

23.8

-0.61

-3.30

2.50

3.02

Fe4
3.28
-3.28
2.92
-3.24
-3.17
3.13
-3.18
3.24
3.12
3.19
-2.94
-2.66
-2.75
2.81
2.30
-2.71
-2.94
-3.27
-3.16
3.27
3.07
-3.14
2.94
2.69
3.04
2.83
-3.20
-3.24

-3.15

Fe5
-2.83
2.86
2.96
291
3.04
-2.91
2.48
-2.93
3.05
-2.82
2.72
-2.51
-2.43
-3.04
1.53
2.96
-2.28
-2.98
2.75
3.01
2.53
-2.92
-2.84
2.52
-2.98
2.46
2.82
2.93

2.97

Fe6
-2.57
2.58
2.61
2.55
2.86
-3.02
-2.85
-2.49
-2.10
2.63
-2.67
-2.60
2.75
1.85
-2.83
2.67
2.83
1.87
1.22
-1.84
2.27
2.51
2.44
2.58
1.85
-2.71
-2.63
2.51

2.79

Fe7
-2.64
2.66
2.74
291
2.72
1.89
-2.76
2.82
-2.71
-2.25
-2.05
2.60
-1.80
-2.86
-2.80
-2.27
2.78
2.61
-2.93
-2.62
-2.86
2.25
2.45
-2.60
2.71
1.66
2.33
-2.83

-2.00

Table S40. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-

ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the CBSz7-OBSs-BH2s model.

BS567
BS234
BS123

BS14
BS257
BS356
BS467
BS256
BS267

CBS37-OBS6-BHz6 (Ms = 2), QM-A region, Hsys-to-homo-Hssa-to-Arg359, r’SCAN

AE(polarized QM)
32.0
16.6
22.1
16.6
16.1
20.3
14.5
16.7
17.1

AE(QM/MM)
36.5
20.7
26.1
20.4
18.2
23.6
19.9
19.0
19.7

Mo
1.35
-1.36
-1.18
-1.26
0.28
0.45
0.49
0.51
0.44

Fel
2.90
3.34
-3.30
-3.30
3.34
3.24
3.32
3.32
3.31

Fe2
2.36
-2.66
2.06
2.64
-3.17
3.04
2.90
-3.07
-3.07

Fe3
3.05
-2.79
-3.20
2.42
2.83
-3.10
2.93
3.10
2.97

Fed
3.20
-2.91
2.70
-3.24
3.04
3.06
-3.18
3.10
3.13

Fe5
-3.07
3.16
2.83
2.68
-2.97
-2.96
2.90
-2.99
2.72

Fe6
-3.18
3.28
2.18
2.40
3.01
-1.80
-2.98
-3.00
-3.13

Fe7
-2.76
2.94
2.32
2.26
-2.68
1.91
-2.58
2.61
-2.79
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BS357
BS367
BS456
BS457
BS156
BS157
BS167
BS235
BS247
BS247

(Hsze-to-hyd-Hssa-to-Arg359)

BS247

(Hszg-to-homo-Hssa-to-Arg96)

BS247

(Hsze-to-hyd-Hssa-to-Arg96)

BS346
BS236
BS237
BS245
BS246
BS345
BS347
BS126
BS137
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS567
BS234
BS123
BS124
BS134
BS257
BS356
BS2467
BS256
BS267
BS2357
BS367
BS456
BS457
BS156

18.5
17.8
16.5
20.2
12.3
10.0
9.5
11.5
7.5

7.9
6.9

7.3

11.3
14.8
9.0
14.6
135
18.5
8.2
21.0
13.3
17.9
24.9
125
20.1
19.4
20.3
14.5

211
20.7
22.1
23.3
17.0
17.5
14.8
15.9
13.4
13.5

13.1

13.2

14.8
18.3
14.0
19.8
17.4
21.7
13.8
25.9
18.2
22.3
28.9
17.8
23.8
23.0
23.8
19.0

0.32
0.53
0.54
0.26
0.42
0.38
0.42
-0.36
-0.45

-0.44
-0.45

-0.43
-0.26
-0.26
-0.41
-0.54
-0.28
-0.49
-0.34
-0.39
-0.56
-0.68
-0.65
-0.60
-0.54
-0.29
-0.33
-0.73

3.28
3.21
3.37
3.35
-3.36
-3.37
-3.37
3.29
3.32

3.32
3.32

3.32
3.27
3.27
3.33
3.29
3.27
3.33
3.31
-3.19
-3.27
-3.26
-3.20
-3.28
-3.31
-3.32
-3.27
-3.27

2.85
2.96
3.07
2.86
2.98
2.77
2.98
-2.95
-2.93

-2.93
-2.93

-2.93

3.17
-2.67
-3.09
-2.98
-2.52
3.10
3.09
-1.13
2.94
3.16
-1.00
-3.01
3.24
3.10
3.14
3.24

-3.11
-3.06
3.15
3.00
3.14
3.06
3.04
-2.95
3.07

3.08
3.09

3.09

-2.85
-2.99
-3.12
3.08
3.12
-2.57
-3.01
3.00
-2.89
3.21
2.96
3.07
-2.70
-2.45
3.27
3.04

3.10
3.16
-3.14
-3.16
3.11
3.08
3.18
3.18
-3.05

-3.06
-3.06

-3.07
-3.06
3.14
3.12
-2.76
-3.01
-3.11
-3.15
3.14
3.22
-2.77
2.97
3.27
3.15
3.28
-2.75
-3.00

-3.00
2.73
-2.82
-2.79
-2.54
-2.84
2.90
-2.50
2.87

2.89
2.87

2.88

3.02
2.88
2.89
-2.51
3.02
-2.71
2.96
2.93
3.06
-2.23
-2.89
3.14
-2.36
3.14
3.05
3.03

CBS37-OBS6-BHas (Ms = 1), QM-A region, Hszs-to-homo-Hssa-to-Arg359, r’'SCAN

AE(polarized QM)
38.2
9.7
17.4
19.3
22.5
24.5
18.4
19.3
18.6
27.6
15.9
29.1
18.3
22.7
8.8

AE(QM/MM)
39.9
14.6
22.6
21.7
24.7
27.8
22.1
23.8
22.3
28.9
20.0
315
26.0
26.0
14.6

Mo
1.36
-1.15
-1.38
-1.45
-1.36
0.27
0.76
0.10
0.63
0.58
0.10
0.50
0.58
0.30
0.34

Fel
1.10
3.36
-3.35
-3.18
-3.33
2.99
3.19
3.32
3.34
3.34
3.26
3.12
3.35
3.25
-3.38

Fe2
2.81
-2.85
-2.96
-2.84
3.15
-3.11
2.83
-2.38
-3.05
-3.14
-2.20
0.86
2.88
1.51
2.92

Fe3
2.77
-2.86
-3.02
3.13
-2.54
2.84
-3.05
3.13
2.94
2.61
-2.46
-2.98
3.05
2.94
3.00

Fe4
3.05
-2.98
3.22
-3.13
-2.84
231
2.99
-3.00
2.99
2.90
3.27
3.21
-3.19
-3.13
3.03

Fe5
-3.12
2.93
3.08
3.14
3.15
-3.05
-3.07
3.02
-3.05
1.83
-2.82
2.73
-2.99
-2.96
-2.76

3.01
-3.20
-3.09
3.02
-2.68
2.95
-2.80
2.96
2.78

2.78
2.77

2.77

-2.60
-2.95
2.98
3.15
-3.05
3.16
2.97
-3.08
3.15
3.28
3.10
3.03
3.30
-2.70
-2.55
3.28

Fe6
-3.03
2.39
3.18
3.10
2.72
2.57
-3.18
-1.98
-3.06
-3.22
3.06
-3.14
-3.03
3.05
-2.93

-2.67
-2.58
2.66
-2.79
2.85
-1.92
-2.31
2.63
-2.15

-2.15
-2.14

-2.16

2.71
2.83
-2.33
2.68
2.75
2.78
-2.21
2.56
-1.95
2.92
2.73
-2.02
2.83
2.84
3.00
-1.82

Fe7
-2.84
2.63
2.93
2.94
291
-2.75
1.72
-0.96
1.20
-2.94
-1.10
-2.53
1.36
-2.85
2.18
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BS157
BS167
BS235
BS247
BS346
BS236
BS237
BS245
BS246
BS345
BS2457
BS126
BS137
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS1567
BS234
BS123
BS124
BS134

BS2357

BS2356

BS2467

BS2367

BS3456

BS2457
BS156
BS157
BS167
BS247
BS237
BS345
BS126
BS137
BS145
BS125
BS127
BS135
BS136

11.7
16.1
8.3
16.8
8.2
16.0
14.8
10.6
10.8
114
20.4
12.4
22.2
15.1
11.2
17.3
14.9
16.0
9.3
11.9

16.1
20.5
15.3
20.0
15.4
21.9
18.8
16.5
17.0
17.3
254
175
27.3
19.8
15.7
22.1
21.2
19.1
14.8
17.1

0.23
0.34
-0.47
-0.48
-0.38
-0.45
-0.39
-0.41
-0.40
-0.48
0.03
-0.36
-0.42
-0.63
-0.65
-0.45
-0.58
-0.51
-0.43
-0.55

-3.37
-3.35
3.31
3.29
3.28
3.27
3.29
3.29
3.28
3.28
3.26
-3.29
-3.34
-3.32
-3.29
-3.26
-3.31
-3.33
-3.33
-3.30

2.69
291
-3.00
-3.02
3.15
-2.92
-3.15
-3.02
-2.90
3.07
-2.16
-3.08
2.64
2.94
-3.08
-3.15
3.18
3.00
3.08
2.81

2.84
2.87
-3.01
2.34
-2.92
-3.11
-3.19
3.01
2.97
-3.06
3.22
2.95
-3.21
3.11
2.95
2.87
-2.85
-2.92
3.17
291

2.98
3.07
3.14
-3.08
-3.05
3.09
2.99
-3.14
-3.14
-3.16
-2.66
3.17
3.00
-3.10
3.09
3.07
3.07
3.07
-3.05
-3.15

-2.92
2.26
-2.99
2.80
2.89
2.80
2.34
-2.69
2.93
-2.87
-2.27
2.95
2.56
-2.53
-2.89
2.44
-2.92
2.95
2.98
2.97

CBS37-OBS6-BH26 (Ms = 0), QM-A region, Hszs-to-homo-Hssa-to-Arg359, r’SCAN

AE(polarized QM)

16.1
10.9
16.9
17.8
17.3
13.1
17.7
114
17.6
22.5
15.9
17.4
18.0
23.2
17.5
29.9
23.9
18.0
22.2
17.3
10.6
22.5
115
15.9

AE(QM/MM)

18.8
17.0
22.8
22.8
21.0
17.5
21.1
17.6
22.8
251
22.0
21.6
20.8
27.8
21.7
34.9
28.7
23.7
27.3
22.8
17.1
251
175
22.1

Mo
1.08
-0.67
-1.27
-1.41
-1.29
0.27
0.46
0.53
0.37
0.44
0.06
0.39
0.51
0.75
-0.42
-0.22
-0.48
-0.27
-0.42
-0.40
-0.44
-0.49
-0.59
-0.09

Fel
-2.99
3.38
-3.37
-3.41
-3.36
3.31
3.28
3.30
3.32
3.24
3.31
-3.36
-3.39
-3.37
3.35
3.28
3.16
-3.31
-3.34
-3.32
-3.29
-3.24
-3.30
-3.31

Fe2
3.08
-2.84
-3.19
-2.98
3.02
-2.85
-2.17
-2.57
-2.71
3.23
-3.01
2.81
2.52
2.86
-2.78
-3.13
0.99
-3.12
2.64
2.69
-3.14
-3.23
2.60
3.02

Fe3
3.04
-2.88
-3.11
3.03
-3.03
-2.42
-2.90
3.11
-3.00
-1.98
2.99
1.62
2.81
2.80
-1.72
-3.19
-3.05
2.91
-3.21
3.03
2.89
1.92
-3.11
-2.96

Fe4
3.29
-2.90
3.18
-3.24
-3.17
3.18
3.23
-2.94
3.19
-2.77
-3.05
291
291
2.57
-2.87
2.35
-3.11
3.07
3.00
-3.17
3.03
2.80
2.93
3.09

Feb
-2.61
2.92
3.02
2.91
2.85
-2.74
-2.84
2.93
2.65
-2.42
-2.64
-2.90
-3.08
0.66
2.91
154
-2.91
2.63
2.56
-2.64
-2.94
2.44
-2.92
2.72

2.79
-3.08
2.81
2.84
-3.17
-3.08
2.77
3.05
-3.02
3.02
3.26
-2.98
2.01
3.01
3.08
2.66
3.19
-2.96
-2.99
2.46

Fe6
-2.59
2.87
2.33
2.88
2.90
2.89
-2.10
-2.83
-2.62
-2.89
2.93
-2.90
1.36
-3.08
2.92
2.26
3.22
-2.84
2.01
2.66
2.89
2.93
2.83
-2.90

-2.69
-2.64
1.90
-2.78
2.08
2.12
-2.79
1.67
2.12
2.15
-1.58
2.57
-2.66
2.68
2.79
-2.13
2.32
2.73
2.65
-1.90

Fe7
-2.47
-0.47
2.59
2.58
2.44
-2.25
2.45
-2.08
-1.73
2.74
-0.92
2.11
-2.83
-2.74
-2.08
-2.77
2.18
1.24
-2.66
1.66
1.37
-2.74
2.13
0.73
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BS146
BS147

BS247

13.4
17.6

11.6

17.7
21.3

CBS37-OBSe-BH26 (Ms = 2), QM-C region, r’'SCAN

14.5 -2.90  3.10

-0.32
-0.49

-0.41

-3.33 2091
-3.28  2.13

3.31

2.73
2.88

-3.19 282
-3.24 | 2.85

-3.03 2.85

-2.90
2.10

2.75

1.87
-2.38

-2.20

Table S41. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the 2CB Sgs,37-BH26(5) model.

BS13
BS14
BS14

(Hs2g-to-Phe-Hssa-to-Arg96)

BS14

(Hszg-to-Val-Hssa-to-Arg359)

BS14

(Hs2s-to-Val-Hssa-to-Arg96)

BS257
BS256
BS267
BS357
BS457
BS157
BS167
BS235
BS247
BS236
BS245
BS246
BS345
BS347
BS126
BS145
BS135
BS147

BS2567
BS134
BS256
BS267
BS357
BS457
BS157
BS346
BS237

2CBSy6,37-BHa6(5) (Ms = 2), QM-A region, Hszs-to-Phe-Hssa-to-Arg359, r’'SCAN

AE(polarized QM) = AE(QM/MM)

18.1
16.3

16.4
21.6

217

27.1
22.3
30.7
19.7
22.1
23.6
22.3
21.3
16.0
19.7
23.1
15.8
27.2
16.7
16.8
26.3
28.5
27.5

24.4
20.3

21.0
24.8
25.5

29.9
26.2
31.4
23.5
26.5
25.8
27.3
25.6
23.4
25.0
29.3
22.2
28.9
21.0
21.9
31.3
32.6
31.9

Mo
-1.17
-1.35

-1.37
-1.39

-1.41

0.30
0.24
0.41
0.33
0.28
0.29
0.38
-0.43
-0.38
-0.53
-0.56
-0.41
-0.53
-0.31
-0.57
0.73
0.56
-0.43

Fel
-3.31
-3.32

-3.32
-3.31

-3.30
3.34
3.32
3.34
3.28
3.33
-2.94
-3.37
3.31
3.31
3.31
3.30
3.27
3.26
3.30
-3.29
-3.27
-3.28
-2.74

Fe2
2.85
2.63

2.64
2.60

2.60
-2.92
-3.20
-3.19
3.08
3.16
3.26
2.84
-2.86
-2.74
-3.02
-2.75
-2.89
3.13
3.13
-3.00
3.11
3.08
3.30

Fe3
-3.07
2.42

2.47
241

2.45

2.95
2.93
2.82
-3.02
3.23
3.19
3.07
-2.97
3.12
-3.16
3.10
3.08
-2.23
-2.57
2.95
3.24
-2.53
3.22

Fed
2.89
-3.20

-3.19
-3.20

-3.19
3.08
3.09
2.70
3.23
-3.03
3.18
3.20
3.18
-3.03
3.15
-2.72
-3.15
-2.60
-3.08
3.19
-2.83
3.14
-3.06

Feb
3.04
2.72

2.72
2.71

2.72

-2.93
-3.07
2.54
-2.97
-2.55
-2.81
2.98
-2.46
2.87
3.00
-2.63
2.92
-2.55
3.05
3.04
-2.70
-2.86
3.02

2CBS;6,37-BH26(5) (Ms = 1), QM-A region, Hszs-to-Phe-Hssa-to-Arg359, r’'SCAN

AE(polarized QM)  AE(QM/MM)

22.6
26.7
27.4
38.0
22.5
21.4
17.8
17.3
23.3

25.9
29.0
30.6
39.4
24.4
25.1
22.8
25.3
26.4

Mo
1.23
-1.40
0.36
0.80

0.51
0.33
-0.28
-0.09

Fel
3.32
-3.34
3.28
3.32

3.35
-3.40
3.27
3.33

Fe2
-2.07
3.17
-3.12
-3.08

3.03
3.12
2.87
-3.20

Fe3

3.17
-2.19
1.26
2.79

3.12
2.98
-2.97
-3.14

Fed
3.26
-2.78
3.09
2.54

-3.17
3.03
-3.07
3.10

Fe5
-2.83
3.13
-3.08
0.68

-3.05
-2.82
2.81
2.62

Fe6
2.04
2.17

2.15
2.23

2.22

2.31
-1.57
-2.03
1.89
1.85
1.81
-2.49
2.66
2.43
-1.54
2.78
-1.60
2.13
1.95
-1.18
2.73
2.85
2.17

Fe6
-2.38
2.35
-1.92
-2.42

1.06
1.63
-2.66
1.19

Fe7
1.01
2.60

2.59
2.61

2.61

-2.70
1.98
-3.00
-2.20
-2.66
-2.28
-2.55
2.80
-2.28
2.13
2.87
2.25
2.93
-1.99
2.61
2.94
291
-1.87

Fe7
-2.61
3.03
1.90
-2.98

-2.83
-2.49
2.02
-2.25
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BS245
BS246
BS345
BS137
BS125
BS135
BS136

BS2567
BS134
BS2367
BS357
BS167
BS246
BS137
BS145
BS125
BS136

BS14

20.9
19.8
23.4
17.1
20.7
23.0
171

27.6
25.9
28.8
22.9
25.8
26.1
22.9

-0.58 3.30 -3.01
-0.07 331 -293
-0.55 329 3.8
-047 -332 3.01
-0.66 -3.29 -2.90
-0.50 -3.33 2.86
-0.47 -3.32 3.00

3.01
2.96
-2.73
-3.09
2.88
-2.87
-3.09

-3.16
-3.12
-3.12
3.07
3.05
3.13
3.07

-2.93
2.86
-2.77
2.99
-2.75
-2.50
2.99

2CBSz6,37-BHa255) (Ms = 0), QM-A region, Hszs-to-Phe-Hssa-to-Arg359, r’'SCAN

AE(polarized QM)  AE(QM/MM)

19.3
19.0
21.7
354
31.9
15.6
25.7
21.2
234
26.7

240

221
22.1
25.0
37.4
36.9
221
29.9
24.9
29.1
33.3

Mo Fel @ Fe2
128 3.32  -3.17
-1.29  -3.32 317
0.66  3.36 -2.82
057 242 267
049 -3.33 249
053 332 -2.82
-0.27 -3.31 272
-0.69 -3.36 2.86
-0.50 -3.28 -2.95
-0.23  -3.30 2.80

Fe3

3.02
-3.01
-2.93
-3.14

2.80

3.08
-3.14

2.95
2.72

-3.11

2CBS26,37-BH2g5) (MS =2), QM-C region, r’SCAN
-1.36  -3.32  2.62

21.5

2.35

Fe4
3.17
-3.18
3.20
2.83
2.09
-3.07
2.92
-3.20
2.97
2.88

-3.20

Fe5
-3.01
3.01
2.75
-3.09
181
2.88
2.36
-2.76
-2.82
2.44

2.71

2.63
-1.71
2.10
1.93
2.74
2.30
1.94

Fe6
-2.14
2.16
-2.21
1.03
-2.80
-2.07
161
2.21
2.47
-2.55

2.25

2.57
0.25
2.42
-2.03
2.89
2.99
-2.03

Fe7
-2.81
2.82
-2.71
-2.88
-2.89
-2.38
-2.43
2.69
1.77
1.61

2.64

Table S42. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the 2CBSgs 37-BH26(3) model.

BS13
BS14
BS14

(Hszs-to-Phe-Hssa-to-Arg96)

BS14

(Hszs-t0-Val-Hssa-to-Arg359)

BS14

(Hszs-to-Val-Hssa-to-Arg96)

BS134
BS257
BS267
BS357
BS157
BS235
BS247
BS236
BS237
BS245
BS345
BS347

2CBS26,37-BH26(3) (MS = 2), QM-A region, Hspg-to-Phe-Hssa-to-Arg359, r’SCAN
AE(polarized QM) = AE(QM/MM) Mo

10.3
9.9

11.9
8.6

9.5

32.2
20.6
21.8
12.2
12.9
15.4
11.9
14.9
13.8
18.8
18.1
12.4

25.7
21.4

22.0
18.4

19.3

42.3
33.0
30.1
25.2
25.3
28.7
26.5
28.6
26.7
33.1
29.4
24.2

-1.20
-1.42

-1.46
-1.46

-1.48

-1.41
0.37
0.27
0.40
0.45
-0.34
-0.52
-0.33
-0.32
-0.45
-0.39
-0.45

Fel
-3.32
-3.30

-3.28
-3.29

-3.28
-0.73
3.31
3.34
3.29
-3.00
3.28
3.34
3.33
3.33
3.32
3.27
3.31

Fe2
2.70
2.21

1.53
1.86

1.69

3.17
-3.05
-3.22
3.14
2.58
-2.61
-2.87
-2.19
-3.04
-2.84
3.19
2.87

Fe3
-3.08
2.47

2.70
2.54

2.65

-2.47
2.97
2.85
-3.00
3.02
-2.94
3.06
-3.10
-3.02
3.13
-2.22
-2.39

Fed
2.92
-3.20

-3.15
-3.18

-3.16
-3.06
3.09
2.77
3.27
3.14
3.20
-3.07
3.20
3.21
-2.77
-2.73
-3.08

Fe5
3.06
2.75

2.73
2.74

2.74

3.10
-2.93
2.55
-2.95
-2.91
-2.54
2.97
3.01
3.07
-2.63
-2.51
3.08

Feb6
2.30
2.58

2.90
2.81

2.85

2.35
2.40
-1.89
1.75
3.01
2.59
2.58
-2.74
2.55
2.75
1.85
2.35

Fe7
0.95
2.56

2.62
2.59

2.60

2.77
-2.62
-2.98
-2.30
-2.54
2.69
-2.11
2.22
-2.39
2.78
291
-2.11
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BS127
BS147

BS2567
BS134
BS256
BS267
BS457
BS236
BS237
BS245
BS345
BS126
BS137
BS145
BS127
BS146

BS134
BS2356
BS1267
BS2367
BS3457
BS2467

BS345

BS137

BS145

BS127

BS135

BS14

Table S43. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see

154
15.3

2CBSz6,37-BHa25(3) (Ms = 1), QM-A region, Hszs-to-Phe-Hssa-to-Arg359, r’'SCAN
AE(polarized QM)  AE(QM/MM)

15.5
175
24.4
23.5
10.7
18.5
22.2
16.3
11.7
16.3
121
12.7
18.5
14.5

2CBSz6,37-BHa25(3) (Ms = 0), QM-A region, Hszs-to-Phe-Hssa-to-Arg359, r’'SCAN
AE(polarized QM)  AE(QM/MM)

11.5
17.9
10.1
11.2
20.7
7.1
9.9
19.2
10.7
255
7.2

21.4

31.0
30.8

27.2
30.3
33.6
39.2
25.7
321
345
30.5
26.2
28.4
26.1
25.9
32.6
28.1

23.8
25.6
24.3
23.8
34.2
21.7
24.2
32.8
23.6
37.4
21.6

-0.61
0.41

Mo
1.30
-1.43
0.40
-0.66
0.45
-0.20
-0.30
-0.49
-0.41
-0.66
-0.56
-0.55
-0.73
-0.46

Mo

-1.33
0.58
0.31
0.55
0.19
0.40
-0.36
-0.30
-0.57
-0.44
-0.45

-3.29
-3.28

Fel
3.31
-3.34
3.26
3.28
3.35
3.27
3.29
3.33
3.28
-3.32
-3.32
-3.29
-3.27
-3.36

Fel
-3.32
3.31
-3.30
3.34
3.29
3.33
3.30
-3.32
-3.35
-3.27
-3.34

-2.87
251

Fe2
-1.86
3.17
-2.81
-3.13
291
-2.37
-3.04
-2.97
3.11
-2.95
2.80
3.10
-3.11
2.92

Fe2
3.12
-2.44
-2.99
-3.05
3.12
-2.93
3.00
2.75
3.07
-3.13
2.94

3.03
3.15

Fe3
3.20
-2.45
0.21
2.97
3.12
-3.20
-3.17
3.04
-3.01
2.56
-3.11
3.17
2.70
3.14

Fe3
-3.02
-2.53
3.13
-3.02
-2.56
3.07
-3.14
-3.10
3.02
2.15
-3.08

2CBSZS,37-BH26(3) (MS = 2), QM-C region, I'ZSCAN

21.5

-1.44

-3.29

1.69

2.52

3.29
-3.06

Fe4
3.23
-2.62
3.17
1.63
-3.19
3.04
3.03
-3.19
-2.69
2.71
3.08
-2.93
2.74
-3.19

Fe4
-3.19
3.25
3.26
3.17
-2.69
-3.09
-3.25
2.95
-3.18
2.74
3.08

-3.17

3.19
3.10

Fe5
-2.86
3.26
-3.05
2.85
-3.02
2.29
2.43
-2.96
-2.72
2.98
3.04
-2.45
3.06
2.95

Fe5
3.06
-3.01
3.03
2.78
-2.83
2.91
-3.02
2.44
-2.80
2.59
-2.90

2.74

2.70
3.23

Fe6
-2.62
2.38
-2.04
-2.37
1.21
-2.82
2.34
2.53
1.79
-1.80
2.26
2.13
2.56
-2.29

Fe6
2.24
-2.30
-1.52
-1.77
1.75
-1.91
1.50
1.66
1.77
2.49
1.92

2.89

ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the 2CB Sz 37-BH37 model.

BS234
BS124
BS14
BS257
BS356

208526,37-BH37 (MS = 2), QM-A region, Hszs-tO-Phe-Hs5A-tO-Ar9359, rZSCAN

AE(polarized QM)  AE(QM/MM)

11.0
26.5
9.6
13.5
12.9

18.4
31.0
15.9
19.7
18.0

Mo
-1.39
-1.37
-1.35
0.44
0.32

Fel
3.35
-2.64
-3.29
3.38
3.30

Fe2
-2.64
-2.69
2.40
-3.09
2.96

Fe3
-2.72
3.31
2.51
3.08
-3.07

Fed
-2.82
-2.78
-3.18
3.22
3.06

Fe5
3.19
3.22
2.75
-2.90
-2.92

Fe6

3.02
2.98
2.56
2.13
-2.70

-1.71
-2.14

Fe7
-2.55
2.94
2.34
-2.89
-2.86
1.76
-2.72
2.43
2.45
2.49
-1.99
2.82
-1.82
2.59

Fe7
2.78
2.48
-2.16
-2.51
-0.48
-2.29
2.20
-2.52
2.55
-2.62
2.31

2.66

Fig-

Fe7

3.04
3.26
2.33
-2.58
2.54
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BS467
BS256
BS267
BS357
BS456
BS457
BS156
BS157
BS167
BS235
BS247
BS346
BS346

(Hszs-to-Phe-Hssa-to-Arg96)

BS346

(Hsze-to-Val-Hssa-to-Arg359)

BS346

(Hszg-to-Val-Hssa-to-Arg96)

BS236
BS237
BS245
BS246
BS345
BS347
BS126
BS137
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS3567
BS234
BS256
BS367
BS456
BS156
BS157
BS167
BS235
BS247
BS346
BS236
BS237

10.1
10.4
16.1
14.8
12.7
15.0
8.1
5.7
5.3
6.2
7.5
3.6
6.6

8.8

5.6

10.1
12.6
15.0
11.6
9.0
9.3
131
10.4
16.5
131
14.0
13.3
12.2
13.2
24.5

17.9
14.9
21.3
20.2
20.6
22.0
15.4
14.9
13.4
13.0
14.0
10.5
14.8

15.6
111

15.9
20.2
22.4
16.5
15.7
16.8
194
18.2
22.9
19.3
20.0
20.8
18.2
18.9
29.1

0.48
0.30
0.52
0.37
0.34
0.41
0.21
0.44
0.34
-0.40
-0.32
-0.45

-0.46
-0.42

-0.41

-0.36
-0.32
-0.52
-0.50
-0.51
-0.43
-0.41
-0.69
-0.41
-0.41
-0.39
-0.49
-0.62
-0.57
-0.45

3.30
3.36
3.32
3.27
3.35
3.33
-3.36
-3.40
-3.40
3.31
3.26
3.33

3.33
3.33

3.34
3.33
3.31
3.28
3.33
3.31
3.30
-3.28
-3.30
-3.27
-3.33
-3.35
-3.27
-3.27
-3.31
-1.98

2.98
-3.02
-3.04
3.14
3.21
3.16
3.00
3.15
3.04
-2.95
-2.86
3.11

3.11
3.11

3.11

-3.18
-3.14
-2.27
-2.55
3.12
3.13
-2.93
2.88
3.21
-2.80
-2.75
3.25
3.06
3.09
3.16

2.93
2.06
2.06
-3.09
3.08
3.12
3.23
3.04
3.04
-3.01
3.08
-2.96

-2.97
-2.96

-2.95

-3.17
-3.02
2.92
2.08
-2.93
-3.00
3.28
-2.93
3.35
3.34
3.11
-2.51
-2.90
3.37
3.09

-3.18
3.25
3.20
3.15
-3.03
-3.15
3.06
3.07
3.20
3.18
-3.03
-3.05

-3.05
-3.05

-3.05
3.14
3.10
-2.58
-3.08
-2.74
-3.16
3.24
3.05
-2.89
3.19
3.30
3.14
3.26
-3.14
-3.05

2.85
-2.99
2.96
-3.09
-2.53
-2.95
-2.83
-2.78
3.00
-2.47
2.95
2.87

2.88
2.88

2.87

2.99
244
-2.51
3.03
-2.65
2.93
3.04
3.03
-2.48
-2.51
3.12
-2.43
3.13
2.99
2.92

208826,37-BH37 (MS = 1), QM-A region, HszB‘tO-Phe-HSSA'tO-Arg359, I’ZSCAN

AE(polarized QM)  AE(QM/MM)

12.7
10.2
11.7
24.0
114
6.1
10.1
13.3
8.7
9.0
4.4
11.6
16.6

18.8
17.9
17.6
30.3
19.3
154
16.9
21.4
14.6
14.4
13.4
18.1
22.5

Mo
1.23
-1.18
0.44
0.46
0.55
0.37
0.40
0.42
-0.42
-0.23
-1.41
-0.37
-0.20

Fel
3.28
3.35
3.35
3.31
3.37
-3.40
-3.39
-3.36
3.33
3.28
3.33
3.31
3.31

Fe2
3.17
-2.86
-3.05
2.85
3.10
2.96
3.09
2.95
-2.99
-2.91
3.12
-3.21
-3.18

Fe3
-2.04
-2.89
1.59
-3.24
2.97
3.11
2.98
2.88
-3.04
3.02
-2.98
-3.19
-2.79

Fe4
3.25
-2.93
3.15
2.46
-3.17
3.03
3.02
2.21
3.15
-3.03
-3.08
3.04
3.07

Fe5
-2.84
2.77
-3.09
2.17
-3.04
-2.84
-2.94
2.78
-3.01
2.80
2.96
2.45
2.31

-2.73
-2.20
-2.73
1.72
-2.65
2.72
-2.48
3.02
-2.52
2.76
2.64
-2.16

-2.17
-2.24

-2.23

-2.16
2.54
2.92
-1.60
2.85
1.93
-2.51
2.76
2.93
2.89
2.83
3.00
-1.77
-1.78
2.64

Fe6
-2.57
2.64
-2.85
-2.97
-2.84
-2.48
2.05
-2.67
1.97
1.83
-3.12
-2.87
1.75

-2.77
2.76
-2.75
-1.92
1.90
-2.81
3.03
-2.54
-2.64
2.80
-2.21
2.67

2.72
2.75

2.69

2.73
-1.52
2.33
2.84
2.89
-1.19
3.05
-1.05
3.08
3.12
-2.11
2.85
2.77
3.10
-2.50

Fe7
-2.45
2.63
2.29
-3.03
1.09
1.60
-2.73
-2.78
2.65
-2.84
2.76
2.57
-2.68
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BS245
BS246
BS345
BS126
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS1567
BS234
BS123
BS124
BS257

BS2356
BS256

BS2357

BS2367

BS3456
BS157
BS167

BS2346
BS236
BS245

BS3467

BS1367
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS346

12.2
10.1
9.1
9.5
10.8
114
12.6
7.3
12.2
8.1
9.1

20.5
17.4
14.8
16.7
18.5
18.5
18.4
13.8
18.5
14.8
15.0

-0.49
-0.27
-0.42
-0.45
-0.61
-0.51
-0.37
-0.57
-0.60
-0.53
-0.45

3.32
3.35
3.32
-3.31
-3.31
-3.33
-3.35
-3.29
-3.27
-3.33
-3.34

-3.01
-3.13
3.05
-2.94
3.17
-3.13
-3.10
2.87
2.88
3.02
3.16

2.00
1.77
-3.13
3.10
2.84
3.15
2.98
-3.02
-3.07
2.67
3.09

-2.80
-3.21
-3.22
3.18
-2.96
3.07
3.05
3.02
2.77
-3.20
-3.17

-2.70
2.90
-2.88
2.99
-2.45
-2.87
2.95
-2.76
2.90
2.92
291

2CBSy6.37-BH37 (Ms = 0), QM-A region, Hszs-to-Phe-Hssa-to-Arg359, r’SCAN
AE(polarized QM)  AE(QM/MM)

15.6
15.2
12.8
7.9
25.9
15.9
27.1
111
13.8
14.3
14.7
18.8
18.8
27.0
13.2
7.5
13.3
13.6
7.5
151
14.5
16.8
11.0
15.6

16.5

20.5
20.5
20.7
14.8
30.6
20.2
32.2
17.6
20.8
195
20.3
26.4
241
32.4
20.5
15.6
20.5
20.5
15.5
19.8
19.8
22.5
17.6
20.2

Mo
1.16
-1.18
-1.33
-1.29
0.44
0.29
0.41
0.43
0.53
0.12
0.72
0.54
-0.37
-0.33
-0.36
0.42
0.28
-0.64
-0.46
-0.07
-0.39
-0.39
-0.45
-0.32

Fel
-2.88
2.89
-3.34
-3.25
1.80
3.31
1.96
3.32
3.34
3.32
-3.39
-3.35
3.33
1.88
3.34
3.33
-3.34
-3.35
-3.33
-3.32
-3.28
-3.25
-3.32
-3.32

Fe2
3.17
-3.16
-3.20
-3.02
-3.10
-2.51
-3.09
-2.47
-3.15
3.12
2.93
2.73
-1.40
-3.18
-3.13
3.07
3.13
3.03
-3.07
-3.08
2.72
2.13
2.52
2.52

Fe3
3.17
-3.19
-3.14
3.11
1.60
-2.93
1.58
-2.72
-2.90
-2.96
2.88
2.77
-2.70
-3.18
191
-2.79
-1.96
2.76
2.83
3.02
-3.03
-3.14
2.72
2.94

2CBSy6.37-BH37 (Ms = 2), QM-C region, r’SCAN

17.8

-0.39

3.32

3.12

-2.85

Fe4
3.22
-3.22
3.00
-3.16
2.99
3.18
3.03
3.23
3.14
-2.96
2.91
2.02
-2.84
2.81
-3.15
-3.11
3.15
-3.17
3.10
3.08
2.93
2.62
-3.24
-3.18

-3.04

Fe5
-2.86
2.87
2.93
3.04
-2.93
-2.73
-3.08
-2.95
2.75
-2.52
-2.94
1.63
2.92
2.42
-2.98
2.93
3.00
-2.78
-2.92
2.68
-2.82
2.36
2.94
2.73

2.86

2.90
-2.15
2.30
-2.35
2.87
2.67
2.67
2.87
-2.27
-1.63
2.64

Fe6
-2.53
2.58
2.66
2.79
2.11
-2.00
-2.84
2.47
-2.35
-1.36
0.19
-2.84
-2.38
-2.83
2.18
-2.25
-2.12
2.61
2.27
0.77
151
-2.61
-2.47
2.02

-2.21

2.58
2.48
2.79
1.71
2.62
2.97
-2.58
2.85
2.68
2.47
-2.51

Fe7
-2.67
2.65
2.61
2.17
-2.69
2.66
2.32
-2.00
-2.07
2.76
-2.76
-2.88
2.71
2.55
2.40
-2.13
-2.36
2.30
2.11
-2.71
2.70
2.62
2.00
-2.65

2.57

Table S44. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the CBSzs-BH2s-THs model.

AE(polarized QM)

CBS6-BH26-THs (Ms = 2), QM-A region, r’SCAN

AE(QM/MM)

Mo

Fel

Fe2

Fe3

Fed

Fe5

Fe6

Fe7
54 /58



BS13

BS14
BS256
BS357
BS457
BS157
BS236
BS246
BS345
BS126
BS145
BS135

BS17

BS2567
BS134

BS2356
BS267
BS357
BS457
BS157
BS236
BS246
BS347
BS126
BS137
BS145
BS135
BS147

BS2567
BS134
BS2456
BS1256
BS2356
BS347
BS126
BS137
BS145

BS236

16.8
24.2
36.8
28.0
22.3
21.7
16.4
22.3
20.4
16.9
26.8
28.4
25.9

AE(polarized QM)
28.2
31.9
25.8
34.2
28.5
31.2
20.2
16.6
26.4
23.2
22.7
23.3
22.9
21.9
23.7

AE(polarized QM)
26.9
26.7
22.0
22.5
19.9
22.4
36.2
22.0
30.1

23.0

17.8
24.6
355
27.0
23.3
21.7
16.2
23.1
214
17.8
27.8
29.2
27.2

-1.10
-1.18
0.28
0.20
0.25
0.23
-0.33
-0.30
-0.59
-0.46
-0.40
-0.57
-0.07

-3.23
-3.27
3.23
3.31
3.32
-2.89
3.32
3.25
3.30
-3.30
-3.30
-3.25
-3.37

2.58
2.49
-3.04
3.12
3.05
2.93
-3.07
-2.96
291
-2.96
3.13
3.21
2.98

CBS26-BH26-THs (Ms = 1), QM-A region,

AE(QM/MM)
28.3
325
24.8
34.1
28.4
313
21.6
18.4
275
23.2
235
23.3
22.9
22.4
23.9

Mo
1.07
-1.21
0.03
0.58
0.36
0.26
0.42
-1.43
-0.21
-0.30
-0.39
-0.41
-0.63
-0.60
-0.31

Fel
3.39
-2.60
3.31
3.20
3.35
3.04
-3.37
3.32
3.25
3.30
-3.29
-3.26
-3.32
-3.26
-3.33

Fe2
-2.98
3.13
-2.68
-3.01
2.80
2.82
3.07
-3.19
-3.13
3.02
-2.94
3.18
2.76
2.69
3.18

CBS26-BH26-THs (Ms = 0), QM-A region,

AE(QM/MM)
27.3
27.2
22.1
22.1
18.8
22.2
37.2
22.0
29.4

Mo
1.13
-1.14
0.34
0.16
0.32
-0.18
-0.11
-0.36
-0.35

Fel
3.35
-3.37
3.26
-3.30
3.33
3.30
-3.28
-3.27
-3.32

Fe2
-3.14
3.15
-2.84
-3.02
-2.79
3.03
-3.15
2.90
2.80

-3.19
2.55
1.42
-3.10
3.28
2.97
-3.24
3.18
-2.99
3.21
3.34
-2.86
2.77

r’SCAN
Fe3
3.33
-2.76
-2.92
2.95
-3.23
2.37
2.90
-3.28
2.72
-3.12
2.68
-2.82
3.09
-3.13
3.21

r’SCAN
Fe3
3.15
-3.14
3.27
3.19
-3.06
-3.18
2.45
-3.27
3.06

CBS26-BH26-THs (Ms = 2), QM-C region, r’SCAN

19.9

-0.26

3.31

-2.94

-3.21

2.61
-3.16
3.04
3.25
-3.04
3.12
3.13
-3.11
-2.69
3.06
-2.56
3.19
2.34

Fe4
3.23
-2.26
3.12
1.65
2.72
-3.05
2.92
3.02
-3.21
-2.93
2.75
3.13
-2.97
3.05
-2.82

Fe4
2.54
-2.54
-2.98
3.15
3.16
-3.15
2.56
3.00
-2.99

3.11

2.18
2.07
-2.49
-2.41
-2.24
-2.08
2.31
2.24
-2.01
2.32
-1.94
-1.71
1.66

Feb
-2.33
2.34
-1.75
1.87
-2.41
-2.24
-2.24
2.41
2.26
3.00
2.18
2.35
-2.11
-1.89
2.42

Fe5
-2.34
2.32
-2.38
-2.02
-2.53
1.98
2.17
2.35
-2.44

2.25

1.99
2.17
-1.92
2.03
1.97
2.21
-1.44
-1.54
2.50
-0.96
2.31
2.43
1.20

Fe6
-1.99
2.26
-1.08
-2.28
1.18
1.74
1.32
-2.28
-1.84
1.61
-1.94
1.97
2.27
2.16
2.24

Fe6
-2.13
2.16
-1.91
-1.42
-2.07
1.44
-2.01
1.91
1.38

-1.60

2.59
2.83
2.71
-2.83
-2.84
-2.70
2.78
2.75
3.00
2.84
3.09
3.03
-2.88

Fe7
-2.63
3.02
2.97
-3.02
-2.77
-2.86
-2.68
2.98
2.10
-2.61
2.86
-2.03
2.98
291
-2.37

Fe7
-2.87
2.89
2.68
291
2.84
-2.89
1.56
-2.68
2.17

2.76
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Table S45. The relative polarized QM and QM/MM energies (kcal/mol) relative to the lowest-energy model (see Fig-
ure 2k in the manuscript) and Mulliken spin populations of Mo and 7 Fe ions for the CBSz6-2TH.45 model.

BS567
BS13
BS14

BS257

BS356

BS467

BS256

BS267

BS357

BS367

BS456

BS457

BS156

BS157

BS167

BS235

BS247

BS346

BS236

BS237

BS245

BS246

BS345

BS347

BS126

BS137

BS145

BS125
BS17

BS135

BS136

BS146

BS567
BS234
BS123
BS124
BS257
BS356
BS256

AE(polarized QM)  AE(QM/MM)

34.2
15.2
23.7
19.0
14.9
21.6
22.7
16.6
20.0
19.7
25.0
24.8
17.4
16.3
15.1
11.0
14.3
10.1
18.5
24.6
13.7
17.9
8.9
17.2
15.1
23.5
21.4
17.7
15.8
19.8
30.5
20.1

AE(polarized QM)  AE(QM/MM)

37.6
7.8
25.9
21.6
23.3
22.5
25.7

CBS2-2THas5 (Ms = 2), QM-A region, r’'SCAN

38.2
22.5
28.7
26.5
211
29.0
30.2
24.0
26.2
26.5
31.6
32.1
23.8
22.9
21.5
18.3
22.5
16.6
24.0
29.7
21.5
24.4
154
25.2
20.4
31.9
28.0
24.2
221
27.6
35.0
26.1

Mo
1.05
-1.07
-1.16
0.33
0.30
0.43
0.36
0.44
0.22
0.40
0.23
0.14
0.24
0.17
0.35
-0.41
-0.31
-0.37
-0.18
-0.27
-0.48
-0.25
-0.54
-0.31
-0.53
-0.58
-0.54
-0.48
-0.14
-0.59
-0.35
-0.46

Fel
3.07
-3.21
-3.28
3.27
3.31
3.28
3.32
3.46
3.35
3.40
3.21
3.28
-2.93
-2.91
-2.86
3.31
3.24
3.31
3.30
3.26
3.23
3.24
3.30
3.32
-3.29
-3.23
-3.30
-3.32
-3.33
-3.23
-2.20
-3.31

Fe2
3.05
2.38
1.93
-2.97
2.95
3.14
-3.02
-2.95
3.17
3.21
291
2.89
2.90
3.19
3.17
-2.84
-2.92
3.00
-2.04
-1.81
-3.01
-2.78
2.94
3.13
-2.78
3.21
2.85
-2.60
2.08
3.23
3.06
3.01

Fe3
1.83
-3.15
2.49
3.06
-3.11
3.18
3.07
3.26
-3.08
-2.93
2.21
2.80
3.18
2.95
3.27
-2.98
3.10
-3.13
-2.88
-2.60
2.81
3.00
-3.09
-3.20
3.25
-2.45
3.23
3.34
2.82
-2.75
-2.56
3.25

CBS2-2THas5 (Ms = 1), QM-A region, r’'SCAN

42.1
15.7
33.0
27.5
29.7
30.0
32.9

Mo
1.14
-1.05
-1.11
-1.10
0.48
0.33
0.40

Fel
1.44
3.32
-3.12
-3.32
3.27
3.30
3.23

Fe2
2.59
-2.77
-1.36
-2.76
-3.07
2.73
-3.00

Fe3
2.41
-2.90
-2.95
3.31
2.94
-3.19
1.57

Fe4
2.56
2.20
-2.85
2.59
2.53
-2.79
2.62
2.66
2.71
2.64
-2.68
-2.65
2.45
2.50
2.51
2.83
-2.55
-2.62
2.69
2.71
-2.48
-2.54
-2.58
-2.44
2.57
2.57
-2.48
2.65
2.35
2.62
2.60
-2.60

Fed
2.49
-2.41
2.68
-2.36
2.25
1.98
2.56

Fe5
-2.28
2.02
1.97
-2.21
-2.41
1.77
-2.53
2.32
-2.46
2.17
-2.25
-2.14
-2.28
-2.10
2.43
-1.88
2.40
2.24
2.15
2.18
-2.08
2.39
-2.27
2.46
2.27
2.29
-1.97
-1.88
2.31
-1.69
2.29
2.33

Fe5
-2.33
2.17
2.28
2.26
-2.45
-2.43
-2.54

Fe6
-2.62
2.83
2.47
2.40
-2.63
-2.64
-2.76
-2.68
2.64
-2.71
-2.71
2.15
-2.62
2.61
-2.48
2.65
2.62
-1.76
-2.27
2.67
2.81
-2.47
2.72
2.86
-0.55
2.96
2.67
2.80
1.43
3.06
-1.90
-1.65

Fe6
-2.68
2.53
2.88
2.70
1.50
-2.78
-2.85

Fe7
-3.01
2.37
2.75
-2.68
2.65
-2.76
2.58
-2.76
-2.85
-2.45
2.56
-2.73
2.66
-2.67
-2.61
2.81
-2.07
2.73
2.73
-2.45
2.59
2.86
2.86
-2.34
2.93
-0.77
2.98
3.06
-2.80
2.87
2.75
2.99

Fe7
-3.02
2.68
2.76
3.00
-2.79
2.02
2.46
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BS267
BS357
BS367
BS456
BS157
BS167
BS235
BS247
BS346
BS236
BS237
BS245
BS246
BS345
BS347
BS126
BS137
BS145
BS125
BS127
BS135
BS136
BS146
BS147

BS1567
BS234
BS123
BS124
BS134

BS2457

BS2467

BS2356
BS267

BS3567
BS367
BS156
BS157
BS167

BS3456
BS236
BS237

BS3467
BS126
BS137

23.5
27.5
20.6
31.8
12.6
7.1
15.3
13.8
17.2
11.3
16.2
20.0
18.3
15.4
141
13.0
15.9
19.1
17.0
121
15.0
11.6
221
15.2

AE(polarized QM)  AE(QM/MM)

14.0
14.0
22.9
17.5
15.7
13.3
19.9
19.6
29.4
17.6
26.0
24.8
16.6
13.8
12.8
19.8
18.8
19.7
19.4
18.8

30.5
32.9
26.2
38.7
19.8
15.6
22.8
20.4
23.3
18.0
22.9
26.5
27.0
21.0
21.3
19.6
23.2
25.3
24.3
19.5
21.7
18.4
28.0
21.7

0.48
0.21
0.45
0.30
0.11
0.40
-0.45
-0.20
-0.29
-0.08
-0.21
-0.26
-0.11
-0.22
-0.21
-0.20
-0.40
-0.61
-0.46
-0.30
-0.53
-0.38
-0.45
-0.45

3.11
3.24
3.30
3.24
-3.35
-3.33
3.27
3.25
3.28
3.36
3.32
3.24
3.24
3.31
3.29
-3.27
-3.24
-3.32
-3.32
-3.31
-3.26
-3.23
-3.31
-3.36

-2.96
1.28
2.97
2.79
2.92
2.89
-2.83
-2.97
2.20
-3.13
-3.01
-2.93
-3.18
2.98
2.93
-2.84
2.96
2.76
-3.01
-2.86
2.87
2.95
2.64
3.14

3.08
-2.94
-3.23
1.10
291
3.09
-3.08
3.09
-3.13
-3.21
-2.93
2.80
2.70
-3.07
-3.20
3.09
-2.66
2.53
2.90
3.15
-3.07
-3.06
2.71
3.15

CBS2-2THas5 (Ms = 0), QM-A region, r’'SCAN

20.4
20.3
28.4
22.8
23.8
20.9
25.6
25.3
36.7
22.9
32.5
31.0
23.1
21.6
18.7
27.4
24.4
26.5
26.9
25.6

Mo
0.99
-1.01
-1.06
-1.04
-1.11
0.26
0.25
0.20
0.63
1.02
0.56
0.35
0.54
0.60
0.20
-0.18
-0.17
0.18
-0.19
-0.33

Fel
-2.86
2.87
-3.30
-3.33
-3.42
3.25
3.25
3.31
3.18
3.33
3.21
-3.30
-3.33
-3.32
3.30
3.21
3.32
3.30
-3.29
-3.24

Fe2
3.13
-3.15
-3.01
-3.08
2.98
-2.82
-2.81
-2.49
-3.05
3.09
2.93
1.18
2.34
2.73
2.99
-3.22
-3.09
2.97
-3.06
2.88

Fe3
3.21
-3.20
-2.99
2.89
-3.21
3.19
3.14
-2.85
3.02
-2.88
-3.25
3.02
3.11
2.73
-3.11
-3.21
-3.25
-3.13
2.87
-3.22

1.60
2.63
2.53
-2.62
2.40
2.39
2.31
-2.55
-2.59
2.62
2.67
-2.42
-2.67
-2.45
-2.73
2.57
2.46
-2.73
2.61
2.58
2.57
2.55
-2.83
-2.72

Fe4
2.49
-2.50
2.65
-2.67
-2.70
-2.29
-2.57
2.62
1.08
2.64
1.23
2.36
2.37
2.21
-2.60
2.00
2.57
-2.65
2.51
2.47

231
-2.44
2.09
-2.40
-2.15
2.39
-2.65
212
2.27
2.19
2.28
-2.46
2.26
-1.75
2.35
2.25
2.36
-2.00
-2.08
2.34
-2.15
2.28
2.19
2.38

Fe5
-2.16
2.15
2.31
2.25
2.23
-1.91
1.92
-2.39
1.32
-2.28
1.54
-2.46
-2.29
1.12
-2.28
1.97
2.24
2.41
2.07
2.21

-2.70
2.64
-2.88
-2.82
2.25
-2.66
2.49
1.95
-2.56
-2.50
2.64
1.37
-2.66
-0.36
2.22
-2.46
2.89
2.68
2.69
2.72
2.77
-1.79
-1.85
2.59

Fe6
-2.48
2.49
2.76
2.47
2.87
2.49
-0.77
-1.65
-2.98
-2.45
-2.89
-2.64
0.41
-2.65
-1.89
-2.78
1.72
-0.82
-2.69
2.62

-2.83
-2.74
-2.94
2.10
-2.67
-2.66
2.72
-2.80
2.72
2.66
-2.70
2.33
2.23
2.85
-2.66
2.84
-2.20
2.68
2.69
-2.14
2.80
2.80
2.90
-2.65

Fe7
-2.57
2.59
2.95
2.77
2.59
-2.64
-2.70
2.75
-2.92
-2.75
-3.03
1.90
-2.70
-2.77
2.81
2.61
-2.87
-2.43
2.23
-2.80
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BS145 24.1 30.0 -0.28 -334 303 281 -273 -233 039 257

BS125 19.8 26.5 -0.18 -3.30 -293 317 266 -242 0.61 @ 250
BS135 20.0 25.6 -0.25 -325 285 -3.13 256 -189 064 272
BS136 13.6 20.8 -0.30 -3.25 285 -3.19 231 1.88 -249 264
BS146 24.3 30.2 -0.26 -3.27 171 264 -279 238 -254 243
BS147 19.4 25.3 -0.23 -331 250 285 -264 236 170 -2.74

CBS26-2THa5 (Ms = 2), QM-C region, r’'SCAN
BS345 20.0 18.6 -0.55 329 293 -3.07 -257 -225 274 286

Cartesian coordinates of structures

As additional supplementary material, we provide a compressed archive containing XY Z-files with optimized Carte-
sian coordinates (in A) of the QM-regions and QM-cluster calculations of all calculated isomers.
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