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Table S1. Group spin densities and charges of optimized geometries of Cpd I & Cpd II of Catalase
using Jaguar 5.5 at UB3LYP/LACVP level of theory.

Pre Po Pror Pr yr pArg QFe QO QPor QTyr QArg
*An 1.01 1.02 0.74 0.23 0.00 0.68 -027 0.10 -034 0.3
Aoy 1.10 099 -085 -0.24 0.00 0.68 -027 0.10 -034 0.3
“An 1.05 1.02 -1.03 -0.04 0.00 0.69 -027 022 -045 0.81
*An 1.06 1.01 0.93 0.00 0.00 0.69 -028 025 -047 0.81
A, 3.02 0.72 1.19 0.07 0.00 086 -029 0.00 -040 0.83
*CpdIl 1.10 0.97 -0.07 0.00 0.00 0.67 -030 -0.62 -052 0.77

Table S2. Single point UB3LYP/LACV3P+* calculations on UB3LYP/LACVP optimized geometries
of Cpd I & Cpd II of Catalase using Jaguar 5.5.

pFe ,00 pPor pl' yr pArg QFe QO QPor QTyr QArg
*An 1.09 0.95 0.74  0.22 0.00 0.56 -0.17 0.00 -0.29 0.90
- 1.20 092 -0.88 -0.24 0.00 0.63 -020 -0.02 -0.31 0.90
AL 1.14 096 -1.05 -0.05 0.00 0.60 -0.17 0.12 -042 0.87
*An 1.15 0.93 092 0.00 0.00 0.60 -0.19 0.17 -045 0.87
A, 3.15 0.64 1.16  0.05 0.00 0.65 -0.15 -0.06 0.06 0.50
Cpdil 1.18 090 -0.07 -0.01 0.00 056 -020 -0.73 -048 0.85

Table S3. Single point calculations with € = 5.7 on UB3LYP/LACVP optimized geometries of Cpd I &
Cpd II of Catalase using Jaguar 5.5.

pF e ,00 pPor pl' yr ,0 Arg QFe QO QPor QTyr QArg
*An 1.08 0.95 0.74  0.22 0.01 0.67 -035 017 -034 0.85
o 1.18 092 -086 -0.24 0.00 0.67 -036 0.18 -034 0.85
A 1.11 096 -1.03 -0.04 0.00 0.69 -035 028 -045 0.83
A 1.11 0.95 094 0.00 0.00 068 -035 032 -048 0.83
Ay, 3.04 0.68 1.22  0.06 0.00 084 -036 007 -040 0.85
Cpdil 1.18 0.89 -0.07 0.00 0.00 0.66 -039 -056 -051 0.80

Table S4. Single point calculations with € = 10.65 on UB3LYP/LACVP optimized geometries of Cpd I
& Cpd II of Catalase using Jaguar 5.5.

pFe ,00 pPor pl' yr pArg QFe QO QPor QTyr QArg
*An 1.09 0.93 0.75 0.22 0.01 0.67 -037 0.18 -0.34 0.86
o 1.19 090 -0.86 -0.23 0.00 0.67 -037 0.18 -0.34 0.86
A 1.12 095 -1.03 -0.04 0.00 0.68 -036 030 -045 0.83
A 1.13 0.93 094 0.00 0.00 0.68 -037 034 -048 0.83
Ay, 3.05 0.67 1.23 0.05 0.00 085 -038 008 -040 0.85
Cpdil 1.21 0.86 -0.07 0.00 0.00 0.66 -041 -0.54 -0.51 0.80
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Table SS. Group spin densities and charges of optimized geometries of Cpd I & Cpd II of
Fe=0O(Por)OH using Jaguar 5.5 at UB3LYP/LACVP level of theory.

E AE ° PFe Lo Pror PoH QFe QO QPor QOH
*An 1262527096 0.00 0.98 1.08 0.58 0.36 0.58 -0.30 -0.09 -0.19
A —1262.526084 0.64 1.06 0.97 -0.62 -0.41 0.60 -0.30 -0.13 -0.17
‘A —1262.508585 11.62 1.00 1.00 091 0.09 0.53 -0.35 0.13 -0.31
A, —1262.510076 10.68 1.00 1.01 090 0.09 0.53 -0.35 0.13 -0.31
*CpdIT —1262.630828 —65.09° 1.04 0.98 -0.10 0.08 0.50 -0.37 -0.80 -0.33

(a) in au. (b) in keal mol™. (¢) 65.09 kcal mol™" = 2.82 eV.

Table S6. Single point UB3LYP/LACV3P+* calculations on UB3LYP/LACVP optimized geometries
of Cpd I & Cpd II of Fe=O(Por)OH using Jaguar 5.5.

E‘ AE® Pre Po  Peor  PoH Ore Qo Opor Qon
*Ary —1263.106813 0.00 1.10 1.00 0.59 0.31 0.46 -0.20 -0.06 -0.20
Asw —1263.105742 0.67 1.18 0.89 -0.70 -0.37 0.48 -0.20 -0.11 -0.17
‘A —1263.095564 7.06 1.12 093 0.89 0.06 0.47 -0.26 0.09 -0.30
A —1263.096757 6.31 1.13 095 -1.15 0.07 0.47 -0.25 0.08 -0.30
3deII -1263.227621 —75.81° 1.17 090 -0.12 0.05 0.52 -0.31 -0.86 —0.35

(a) in au. (b) in kcal mol™. (c) 75.81 kcal mol™" =3.29 eV.

Table S7. Single point calculations with € =5.7 on UB3LYP/LACVP optimized geometries of Cpd I &
Cpd II of Fe=O(Por)OH using Jaguar 5.5.

Esolv AE Pre Lo Pror PoH QFe QO QPor QOH
*Any -18.21 0.00 1.07 097 0.71 0.25 0.56 -0.39 0.10 -0.27
“Any -17.69 1.16 1.17 0.88 -0.77 -0.28 0.58 -0.40 0.07 -0.25
*An -22.33 7.50 1.05 095 092 0.08 0.54 -0.42 0.23 -0.35
’An -22.14 6.75 1.05 0.96 -1.10 0.09 0.54 -0.41 0.22 -0.35
Cpdll  —54.25 -101.13° 1.12  0.90 -0.09 0.07 0.51 -0.46 -0.67 —0.38

(a) in keal mol™. (b) 101.13 kcal mol™ = 4.39 eV.

Table S8. Single point calculations with € = 10.65 on UB3LYP/LACVP optimized geometries of Cpd I
& Cpd II of Fe=O(Por)OH using Jaguar 5.5.

Esolv i AE* Pre Lo Pror PoH QFe QO QPor QOH
A -22.09 0.00 1.09 094 075 0.22 0.56 -0.42 0.15 -0.29
*Ag -21.37 1.36 1.20 0.86 -0.82 -0.24 0.58 -0.42 0.11 -0.27
A -26.69 7.01 1.07 093 092 0.08 0.53 -043 0.26 -0.36
“An -26.43 6.34 1.07 0.94 -1.09 0.08 0.53 -043 0.25 -0.35
Cpdll  —62.43 -105.43° 1.15 0.88 -0.10 0.07 0.51 -0.47 -0.66 —0.38

(a) in keal mol™. (b) 105.43 kcal mol™ = 4.57 eV.
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Table S9. Group spin densities and charges of optimized geometries of Cpd I & Cpd II of
Fe=0O(Por)OSer using Jaguar 5.5 at UB3LYP/LACVP level of theory.

E AE ° PFe Lo Pror PoH QFe QO QPor QOH
*An —1584.955246 0.00 1.01 1.02 040 0.57 0.62 -0.29 -0.21 -0.12
Ay —1584.955144 0.06 1.07 0.98 -0.47 -0.58 0.63 -0.43 -0.11 -0.09
‘A —1584.935473 12.41 1.02 099 091 0.08 0.57 -0.34 0.15 -0.38
A, —1584.937152 11.35 1.02 1.00 -1.08 0.06 0.57 -0.33 0.13 -0.37
*CpdIl -1585.061207 —66.49° 1.07 0.96 -0.09 0.06 0.55 -0.36 -0.75 -0.44

() in au. (b) in keal mol™. (c) —66.49 kcal mol™ = 2.88 eV.

Table S10. Single point UB3LYP/LACV3P+* calculations on UB3LYP/LACVP optimized geometries
of Cpd I & Cpd II of Fe=O(Por)OSer using Jaguar 5.5.

E‘ AE® Pre Po  Peor  PoH Ore Qo Opor Qon
‘A, —1585.733703 0.00 1.09 096 041 0.54 0.49 -0.16 -0.29 -0.04
’Asy —1585.733577 0.08 1.16 092 -0.49 -0.59 0.50 -0.16 -0.33 -0.01
‘A —1585.721692 7.54 1.12 093 0.88 0.07 0.40 -0.21 0.11 -0.30
A, —1585.722979 6.73 1.12 094 -1.10 0.04 0.39 -0.20 0.10 -0.29
3deII -1585.857814 —77.88°¢ 1.16 090 -0.11 0.05 0.41 -0.25 -0.80 -0.36

(a) in au. (b) in kcal mol™. (c) 77.88 kcal mol™" = 3.38 eV.

Table S11. Single point calculations with € = 5.7 on UB3LYP/LACVP optimized geometries of Cpd I
& Cpd II of Fe=O(Por)OSer using Jaguar 5.5.

Esolv AE pFe ,00 pPor pOH QFe QO QPor QOH
*Asy -22.48 0.00 1.07 095 043 0.55 0.62 -0.37 -0.12 -0.13
Aoy -22.27 0.27 1.15 091 -0.46 -0.60 0.62 -0.37 -0.15 -0.10
*Am -26.29 8.61 1.08 093 0.90 0.09 0.57 042 0.21 -0.36
’Am -25.72 8.12 1.07 094 -1.07 0.06 0.57 -0.41 0.20 -0.36
Cpdll  -53.48 -97.49°

(a) in keal mol™. (b) —97.49 kcal mol™ = 4.23 eV.

Table S12. Single point calculations with € = 10.65 on UB3LYP/LACVP optimized geometries of Cpd
I & Cpd II of Fe=O(Por)OSer using Jaguar 5.5.

Esolv AE Pre Po Pror PoH QFe QO QPor QOH
*An —26.48 0.00 1.09 093 043 0.55 0.61 -0.39 -0.09 -0.13
*Ag -26.33 0.21 1.17 0.90 -0.47 -0.60 0.62 -0.39 -0.13 -0.10
A -30.71 8.18 1.09 091 091 0.09 0.57 -0.43 0.23 -0.37
A -30.32 7.52 1.08 0.93 -1.07 0.06 0.57 -0.42 0.21 -0.36
Cpdll  —61.60 -101.61°

(a) in keal mol™. (b) —=101.61 kcal mol™' =4.41 eV.
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Figure S1. Relative energies of the lowest lying quartet spin state with the addition of
an electric field along the molecular x—, y—, or z—axis (as defined in Figure 4 of the
main text). All energies are in kcal mol™' with respect of the unperturbed system.
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Figure S2. Relative energies of the lowest lying doublet spin state with the addition
of an electric field along the molecular x—, y—, or z—axis (as defined in Figure 4 of the
main text). All energies are in kcal mol ™ with respect of the unperturbed system.
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Figure S3. Quartet—doublet energy gap under the influence of an electric field along
the molecular x—, y—, or z—axis (as defined in Figure 4 of the main text). A positive
value denotes a quartet ground state; all energies are in kcal mol™".
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Figure S4. Group spin density changes of the lowest lying quartet spin state under the

influence of an electric field along the molecular x—axis (as defined in Figure 4 of the
main text).
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Figure SS. Group spin density changes of the lowest lying quartet state under the

influence of an electric field along the molecular y—axis (as defined in Figure 4 of the
main text).
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Figure S6. Group spin density changes of the lowest lying quartet spin state under the

influence of an electric field along the molecular z—axis (as defined in Figure 4 of the
main text).
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Figure S7. Group spin density changes of the lowest lying doublet spin state under
the influence of an electric field along the molecular x—axis (as defined in Figure 4 of

the main text).
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Figure S8. Group spin density changes of the lowest lying doublet spin state under
the influence of an electric field along the molecular y—axis (as defined in Figure 4 of
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Figure S9. Group spin density changes of the lowest lying doublet spin state under
the influence of an electric field along the molecular z—axis (as defined in Figure 4 of
the main text).
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