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{FeNOQO}7 doublet (Cor,3dx2-y2)*

Fig. S1 The valence active orbitals for the multiconfigurational calculations CAS(11;9) of reduced Fe[TPC](NO) for the doublet ground state.
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Fig. S2 The valence active orbitals for the multiconfigurational calculations CAS(10;8) of Fe[TPC]CI.
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Fig. S3 Orbital contributions to the electric quadrupole intensity of the calculated Fe K pre-edge XAS of Fe[TPC]CI (left) and Fe[TPC](NO) (right).
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Fig. S4 The experimental Fe L-edge XAS of Fe[TPC]Cl with different crystal structures.
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Fig. S5 The orbital contribution to the RAS calculated Fe L3-edge XAS of Fe[TPC]|CI.
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Fig. S6 The orbital contribution analysis to the RAS calculated L3-edge XAS of Fe[TPC]Cl with transitions with AS=0 (singlet), +1 (triplet), and

42 (quintet). The integrated area is indicated.
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Fig. S7 The orbital contribution to the RAS calculated Fe L3-edge XAS of Fe[TPC](NO).
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Fig. S8 The orbital contribution analysis to the RAS calculated L3-edge XAS of Fe[TPC](NO) with transitions with AS=0 (singlet), +1 (triplet), and
42 (quintet). The integrated area is indicated.
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Fig. S9 Representative ground-state natural and localized orbitals involved in orbital colvalent interactions for Fe[TPC](NO): (3dxz, my,) and
(3dxz, )", (3dyz, m5,) and (3dyz, my,)* and (Meor,3dz?) and (Meor,3dz2)* .

Journal Name, [year], [vol.],1 |11



(TECor,?) de) (TfCor)

Fig. S10 Representative ground-state natural and localized orbitals involved in orbital colvalent interactions for Fe[TPC|Cl: (7cor,3dz?) and (%eor, 3d2%)*
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{FeNO}?*  {FeNO}>*

active space 222a000 2220000

CAS(7,7)/CAS(6;7) 0.59 0.63
CAS(11;9)/CAS(10;9) 0.54 0.58
CAS(11;11)/CAS(10;11) 0.66 0.63
CAS(11;12)/CAS(10;12) 0.66 0.71
CAS(11;13)/CAS(10;13) 0.67 0.70
CAS(11;14)/CAS(10;14) 0.66 0.69
CAS(13;14)/CAS(12;14) 0.67 0.71
CAS(13;15)/CAS(12;15) 0.67 0.71

Table 1 The dominant configuration contributions to the ground state wavefunction for {FeNO}2+ and {FeNO}3+ with different active space.
Configuration with selected orbitals are presented, the orbital ordering: 3dxy, (3dyz,7fo), (3dxz,mfio), 3dz?, (3dxz,mfio)*, (3dyz,mfin)*, 3dx?>"y2. 2:
doubly occupied orbital, a: orbital occupied by an « electron. b: orbital occupied by an f3 electron, 0: empty orbital.
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Fig. S11 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
CAS(7;7) and CAS(6;7) considered in this work. An isosurface value of 0.05 was chosen.
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Fig. S12 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
CAS(11;9) and CAS(10;9) considered in this work. An isosurface value of 0.05 was chosen.
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Fig. S13 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
CAS(11;11) and CAS(10;11) considered in this work. An isosurface value of 0.05 was chosen.

Journal Name, [year], [voI.],l |15



._.
O
X
—_
\O
=
—_
\O
oY)
—_
Ne)
o8}

CAS(11,12) CAS(10,12)

Fig. S14 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
CAS(11;12) and CAS(10;12) considered in this work. An isosurface value of 0.05 was chosen.
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Fig. S15 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
CAS(11;13) and CAS(10;13) considered in this work. An isosurface value of 0.05 was chosen.
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Fig. S16 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
CAS(11;14) and CAS(10;14) considered in this work. An isosurface value of 0.05 was chosen.
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Fig. S17 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
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Fig. S18 CASSCF natural orbitals and occupation numbers for [FeNO]?* (left) and [FeNO]3* (right) in its lowest spin state for different active spaces
CAS(13;15) and CAS(12;15) considered in this work. An isosurface value of 0.05 was chosen.
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Coordinates of the compounds used in the calculations

The crystal structures for Fe[TPC](NO) and Fe[TPC]Cl are available in cited references, the structures from DFT calculations are
enclosed below.

DFT close-shell singlet structure of Fe[TPC](NO)

Fe 0.00506 0.00885 -0.16120
0 0.55849 -0.11870 2.63741
N -1.39104 -1.20776 -0.68717
N 1.27837 -1.40251 -0.54777
N 1.28784 1.42332 -0.51098
N -1.37576 1.24048 -0.71435
N 0.06770 -0.01458 1.57609
C -2.62563 -0.69192 -0.89168
C -3.54018 -1.76163 -1.11904
C -2.80780 -2.93033 -1.05803
C -1.44212 -2.57264 -0.78764
C -0.27804 -3.33869 -0.73405
C 1.01365 -2.75303 -0.62312
C 2.26041 -3.45830 -0.60157
C 3.26334 -2.52938 -0.53532
C 2.64594 -1.23910 -0.49601
C 3.30013 0.00516 -0.46549
C 2.65438 1.25412 -0.49879
C 3.27570 2.54350 -0.52311
C 2.27441 3.47601 -0.55911
C 1.02511 2.77452 -0.54198
C -0.26575 3.36878 -0.61903
C -1.43041 2.60998 -0.73028
C -2.80824 2.98035 -0.90228
(o -3.54274 1.81566 -1.00735
C -2.62063 0.73609 -0.88263
H -4.59323 -1.66320 -1.32598
H -3.17399 -3.93104 -1.21287
H 2.37153 -4.52740 -0.64529
H 4.32309 -2.71514 -0.52473
H 4.33598 2.72609 -0.52622
H 2.38601 4.54495 -0.61024
H -3.18610 3.98716 -0.95383
H -4.60616 1.72866 -1.15918
H -0.34260 4.39755 -0.59160
H 4.33088 0.00166 -0.41488
H -0.35640 -4.36684 -0.77637
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DFT broken-symmetry singlet structure of Fe[TPC](NO)
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