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Figure S1. The ORTEP diagram of [AsPh4][Fe(PS3”)(CH3CN)]·5CH3CN displaying 
with 35% thermal ellipsoid. The cation, solvated molecules and hydrogen atoms are 
omitted for the clarity. 

Figure S2. ORTEP diagrams of [PPh4][1]·2THF collected at (A) 150 K and (B) 200 K. 
The cations, solvated THF and hydrogen atoms are omitted for clarity. 

(A)

(B)
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Figure S3. IR spectra of 1 in THF. 1-16O2 (Black) and 1-18O2 (red).
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Figure S4. The measured effective magnetic moment of [AsPh4][1] as a function of 
temperature.
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Figure S5. The measured effective magnetic moment of [PPh4][1] as a function of 
temperature.

Figure S6. 1H NMR spectra of [PPh4][1] (top) and [AsPh4][1] (bottom) in d8-THF. The 
data were taken at 223 K. The peaks at 14.56, -2.54, -46.03 and 2.85 ppm are associated 
with H atoms of phenyl groups and trimethylsilyl groups in PS3”. The peaks at 7~8 
ppm are associated with H atoms of cations. *THF, ▲ contaminated grease, ● 
degradation product. 
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Figure S7. The Mössbauer spectrum of [FeIII(PS3’’)(OCH3)]–. Simulations give δ = 
0.35 mm/s, ΔEQ = 2.60 mm/s for 95% [FeIII(PS3’’)(OCH3)]–, and δ = 0.50 mm/s, ΔEQ 
= 1.00 mm/s for 5% impurity.[a]

[a] Half-integer spin systems usually do not relax very fast even at low temperatures, 
and are in the so-called intermediate relaxation regime; consequently, their Mössbauer 
spectra often show asymmetric broadening as exemplified by that of 
[FeIII(PS3’’)(OCH3)]– (Figure 3). Increasing temperatures speeds up relaxation and 
often leads to well-resolved quadrupole doublets as typically found for diamagnetic or 
integer spin systems. For [FeIII(PS3’’)Cl]–, our initial attempt at 80 K gave a very broad 
spectrum, so the Mössbauer measurements were carried out at a higher temperature. 
Despite remaining slightly asymmetric, the 273 K spectrum has a much higher 
resolution, which enabled us to precisely abstract the Mössbauer parameters. 
Due to the existence of the second-order Doppler shift, the isomer shift measured at 
higher temperatures may slightly lower than that at lower temperatures, but the 
difference, which depends on the Debye temperature of a given sample, is hardly 
greater than 0.1 mm/s. In the present case, even adding 0.1 mm/s to the isomer shift 
(0.33 mm/s) determined at 273 K does not affect the correctness of the conclusion. 
Indeed, the sample of [FeIII(PS3’’)(OCH3)]– contains some impurity; however, after 
repeated attempts of simulations, we found that the Fe content of the impurity is no 
more than 5%, a typical spectrum shown below.
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Computational detail

The B3LYP density functional was used to compute the spin-state energetics and tested 
the following initial guesses for the electronic structure of complex 1, namely, (a) 
BS(6,0) describing a high spin ferric center ferromagnetically coupled to a superoxo 
radical; (b) BS(4,0) describing an intermediate spin ferric center ferromagnetically 
coupled to a superoxo radical; (c) BS(5,1) describing a high spin ferric center 
antiferromagnetically coupled to a superoxo radical; (d) BS(3,1) describing an 
intermediate spin ferric center antiferromagnetically coupled to a superoxo radical; (e) 
BS(2,0) describing a low spin ferric center ferromagnetically coupled to a superoxo 
radical or an intermediate spin FeIV center bound to a peroxo ligand. Our theoretical 
results demonstrated that the BS(2,0) calculations invariably converged to the BS(3,1) 
solution, and that the BS(6,0), BS(4,0) and BS(5,1) states lie 22.0, 13.4, and 18.9 
kcal/mol higher in energy above BS(3,1). Thus, the DFT calculations unambiguously 
predicts BS(3,1) to be the ground state, consistent with the spin density plot and 
important atomic spin populations (Figure 4C). More importantly, our CASSCF(20,14) 
computation further confirmed the electronic structure deduced by DFT calculations 
(Figure 4A).
However, B3LYP geometry optimizations without any constraints erroneously 
predicted that the end-on isomer of 1 is stabilized by 9.4 kcal/mol relative to the side-
on isomer; consequently, when the O-O bond distances is shorter than 1.27 Å in the 
relaxed surface scan, the calculations always delivered a geometry with an end-on O2 
ligand. While PBE computations suggest the end-on isomer to be 4.8 kcal/mol above 
the side-on isomer, and the PBE relaxed surface scan retained an O2 side-on 
coordination geometry irrespective of the O-O bond length. More importantly, the PBE 
computed Mössbauer parameters and O-O stretching frequencies of the BS(3,1) 
solution are all in reasonable agreement with the experiment within the uncertainty 
range of the computations (Table S11). Thus, PBE is employed for the relaxed surface 
scan.
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Fe dyz O2 π*op

Fe dxz O2 π*ip

Fe dx2-y2

Fe dxy

Fe dz2

Fe 60% O2 π* 40% Fe 39% O2 π* 61%

Fe 6% O2 π* 94%

(a)

(b)
Spin populations

Fe 2.29
O2 – 0.22
P – 0.12

Figure S8. (a) molecular orbital diagram of complex 1 constructed by using B3LYP 
unrestricted corresponding orbitals. (b) spin density plot and important atomic spin 
populations.
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Figure S9. The PBE computed energy change and the average Fe-O2 bond length (inset) 
of 1 as a function of the O-O bond distance.
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Figure S10. Electronic structure of complex 1 with an O-O bond distance of 1.50 Å 
derived from CASSCF(20,14) calculations. Natural orbitals with occupation number in 
parentheses.
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Figure S11. Electronic structure of complex 1 with an O-O bond distance of 1.23 Å 
derived from CASSCF(20,14) calculations. Natural orbitals with occupation number in 
parentheses. 
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Figure S12. The CASSCF(20,14) computed energy change of 1 as a function of the O-
O bond distance.
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Fe dxz O2 π*ip

Fe dyz O2 π*op

Fe dx2-y2

Fe dxy

Fe dz2

Fe 88% O2 π* 10% Fe 8% O2 π* 92%

Fe 14% O2 π* 86%

Figure S13. MO diagram of the end-on O2 isomer of 1 obtained by B3LYP calculations.
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Figure S14. The ESI-MS spectrum (negative mode) of the post-reaction solution of 1 
and 2,6-di-tert-butylphenol at -20 oC. The experimental data is consistent with the 
calculated one composed of 10% [C28H40O2] and 90% [C28H41O2]. ([C28H40O2] and 
[C28H41O2] are assigned to 3,3',5,5'-tetra-tert-butyl-4,4'-diphenoquinone and a 
deprotonated form of 4,4’-dihydroxy-3,3’,5,5’-tetra-tert-butyl-diphenyl, respectively.) 
Inset: the spectrum in the full range. 

Figure S15. LC analysis for the reaction of 1 with 2,6-di-tert-butylphenol at -20 oC. 
Left: Determination of calibration curve by using benzil as an internal standard 
(detected at 300 nm) and 4,4’-dihydroxy-3,3’,5,5’-tetra-tert-butyl-diphenyl as an 
authentic sample (detected at 420 nm). Right: Determination of products for the post-
reaction sample.



17

Figure S16. The ESI-MS spectrum (negative mode) of the post-reaction solution of 1 
and benzaldehyde at -20 oC. The experimental data is consistent with the calculated 
one of [C7H5O2]. ([C7H5O2] is assigned to benzoate.) Inset: the spectrum in the full 
range.

Figure S17. LC analysis for the reaction of 1 with benzaldehyde at -20 oC. Left: 
Determination of calibration curve by using phenol as an internal standard and benzoic 
acid as an authentic sample (detected at 230 nm). Right: Determination of products for 
the post-reaction sample.
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Figure S18. UV-vis-NIR spectral change of 1 (0.2 mM) reacting with 2,6-di-tert-
butylphenol (0.32 M) in THF at -20 oC (from black to red). Inset: The absorbance at 
656 nm decays against time.

Figure S19. UV-vis-NIR spectral change of 1 (0.2 mM) reacting with benzaldehyde 
(0.15 M) in THF at -20 oC (from black to red). Inset: The absorbance at 656 nm decay 
against time.
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Figure S20. Second-order rate constant k2 
obtained from the reaction of 1 and substrates at -20 oC. The k2 values derivate from 
pseudo-first order rate constant kobs (s-1) versus concentration (M) of 2,6-di-tert-
butylphenol (left) and benzaldehyde (right). 
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Table S1. The O-O bond distances in the reported examples of the first-row d-block 
metal-superoxo complexes.  

Reference Complex Bond length of O-O (Å)
1 [Fe(TAML)(O2)]2- 1.323(3), 1.306(7)
2 [Cr(14-TMC)(O2)(Cl)]+ 1.231(6)
3 [Tp’Co(O2)] 1.355(3)
4 [TptBu,MeCr(pz’H)(O2)]+ 1.327(5)
5 [LNi(O2)] 1.347(2)
6 [Co(LOiPr)(TpMe2)(O2)] 1.301(5)
7 [Cu(TMG3tren)(O2)]+ 1.280
8 [(ArL)Cu(O2)] 1.383(2)

1.330(4), 1.229(4)
1.340(3), 1.221(4)[PPh4][1]
1.351(3), 1.207(4)

This work

[AsPh4][1] 1.387(2)
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Table S2. The O-O bond distances in the reported examples of the first-row d-block 
metal-peroxo complexes.  

Reference Complex Bond length of O-O (Å)
9 [CrO2(tpenaH)]2+ 1.383(8)
10 [Cr(12-TMC)(O2)(OH2)]2+ 1.394(4)
11 1.465(2), 1.456(2)
12

[Cr(dien)(O2)2] 1.465(2)
13 [Mn(14‐TMC)(O2)]+ 1.410(4)
14 [Mn(O2)(P(C6H3‐3‐SiMe3‐2‐S)3)]- 1.379(3)
15 [TpiPr2Mn(2-O2)(imMeH)] 1.42(1)
16 [MnTPPO2]- 1.421(5)
17 [Mn(12‐TMC)(O2)]+ 1.408(avg)
18 [Mn(tmc)(O2)]+ 1.403(4)
19 [Mn(O2)(TpiPr2)(pziPr2H)] 1.432(3)
20 [Mn(O2)(3,5-iPr2pzH)(HB(3,5-iPr2pz)3)] 1.428(7), 1.43(1)
1 [Mn(TAML)(O2)]2- 1.415(2), 1.412(3)
21 [Fe(TMC)(OO)]+ 1.463(6)
22 [NiLFe(η2‐O2)(η5‐C5Me5)]+ 1.381(3)
23 [Co(tmen)2O2]+ 1.457(3)

24
(+)546--cis--[Co{R,R-

(CH3)2As(CH2)3As(C6H5)(CH2)2As(C6H5)(
CH2)3As(CH3)2}O2]

1.424(10)

25 [O2Co(2=phos)2]+ 1.420(10)
26 [Co2(CN)4(PMe2Ph)5(O2)] 1.441(11)
27 [(TIMENxyl)Co(O2)]- 1.429(3)
28 [LtBuCo(O2)] 1.361(5)

[Co(12-TMC)(O2)]+ 1.4389(17)
29

[Co(13-TMC)(O2)]+ 1.438(4)
30 [Co(3-t-Bu-Salen)·O2] 1.350(11)
31 [Co(bbpc)(O2)]+ 1.4484(42), 1.4319(60)
32 [Co(TBDAP)(O2)]+ 1.456(3)
33 [Ni(TBDAP)(O2)]+ 1.401(2)
34 [Ni(13-TMC)(O2)]+ 1.383(4)
35 [Ni(12-TMC)(O2)]+ 1.386(4)
36 1.392(12)
37

L2CuO2 1.44(2)
38 L2CuO2 1.392(3)
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Table S3. Crystallographic data of [AsPh4][Fe(PS3”)(CH3CN)]·5CH3CN  

[AsPh4][Fe(PS3”)(CH3CN)]·5CH3CN

Chemical formula C63H74AsFeN6PS3Si3

Fw 1257.47
T, K 200(2)

Crystal system Triclinic
Space group P1

a, Å 14.6564(3)
b, Å 14.9077(3)
c, Å 17.3142(3)

α, deg 101.6193(7)
β, deg 99.9232(6)
γ, deg 111.9234(7)
V, Å3 3307.5 (1)

Z 2
Dcala/g cm-3 1.263
GOFa on F2 1.031

R1, b% 0.0460
wR2, c% 0.1230

CCDC number 2019735

aGOF={Σ[w(Fo
2–Fc

2)2]/(M-N)}1/2(M=number of reflections, N=number of 

parameters refined)
bR1 = Σ||Fo| – |Fc||/Σ||Fo|.

cwR2 = {Σ[w(Fo
2 – Fc

2)2]/Σ[w(Fo
2)2]}1/2.
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Table S4. Selected bond distances (Å) and bond angles (deg) of 
[AsPh4][Fe(PS3”)(CH3CN)]·5CH3CN 

Bond length (Å) Bond angle (degree)
Fe-S(1) 2.2831(8) S(1)-Fe-S(2) 122.79(3)
Fe-S(2) 2.2739(8) S(2)-Fe-S(3) 119.24(3)
Fe-S(3) 2.2832(7) S(1)-Fe-S(3) 117.11(3)
Fe-P(1) 2.1252(7) S(1)-Fe-N(1) 95.07(7)
Fe-N(1) 1.962(2) S(2)-Fe-N(1) 90.82(7)

S(3)-Fe-N(1) 93.38(7)
S(1)-Fe-P(1) 86.89(3)
S(2)-Fe-P(1) 86.68(3)
S(3)-Fe-P(1) 87.23(3)
P(1)-Fe-N(1) 177.40(8)
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Table S5. Crystallographic data of [PPh4][Fe(PS3”)(O2)]·2THF ([PPh4][1]·2THF) 

[PPh4][Fe(PS3”)(O2)]·2THF

Chemical formula C59H72FeO4P2S3Si3

Fw 1143.40
Crystal system Triclinic
Space group P1

T, K 100(2) 150(2) 200(2)
a, Å 14.5392(3) 14.5658(3) 14.5755(4)
b, Å 21.4172(5) 21.5165(5) 21.6461(6)
c, Å 22.4147(5) 22.4637(5) 22.5489(6)

α, deg 116.7215(5) 116.7625(5) 116.8398(6)
β, deg 92.1584(6) 92.2027(6) 92.2390(6)
γ, deg 106.3529(6) 106.2783(6) 106.1547(7)
V, Å3 5871.2(2) 5921.7(2) 5983.6(3)

Z 4 4 4
Dcala/g cm-3 1.294 1.283 1.269
GOFa on F2 1.019 1.016 1.028

R1, b% 0.0525 0.0462 0.0484
wR2, c% 0.1363 0.1199 0.1261

CCDC number 1957950 1957951 1957952

aGOF={Σ[w(Fo
2–Fc

2)2]/(M-N)}1/2 (M=number of reflections, N=number of 

parameters refined)
bR1 = Σ||Fo| – |Fc||/Σ||Fo|.

cwR2 = {Σ[w(Fo
2 – Fc

2)2]/Σ[w(Fo
2)2]}1/2. 
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Table S6. Crystallographic data of [AsPh4][Fe(PS3”)(O2)]·2THF ([AsPh4][1]·2THF)

[AsPh4][Fe(PS3”)(O2)]·2THF

Chemical formula C59H72FeO4P2S3Si3

Fw 1187.35
Crystal system Triclinic
Space group P1

T, K 100(2)
a, Å 11.3019(3)
b, Å 14.6788(4)
c, Å 19.2169(6)

α, deg 95.9416(6)
β, deg 97.0774(5)
γ, deg 108.1750(5)
V, Å3 2971.7(2)

Z 2
Dcala/g cm-3 1.327
GOFa on F2 1.051

R1, b% 0.0334
wR2, c% 0.0892

CCDC number 1957946

aGOF={Σ[w(Fo
2–Fc

2)2]/(M-N)}1/2 (M=number of reflections, N=number of 

parameters refined)
bR1 = Σ||Fo| – |Fc||/Σ||Fo|.

cwR2 = {Σ[w(Fo
2 – Fc

2)2]/Σ[w(Fo
2)2]}1/2.
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Table S7. Selected bond distances (Å) and bond angles (deg) of 
[PPh4][Fe(PS3”)(O2)]·2THF ([PPh4][1]·2THF) 

Temperature (K) 100 150 200
Bond length (Å)

Fe(1)-O(1) 1.888(3) 1.894(2) 1.893(2)
Fe(1)-O(2) 1.880(2) 1.890(2) 1.890(2)
O(1)-O(2) 1.330(4) 1.340(3) 1.351(3)
Fe(1)-P(1) 2.2036(8) 2.2030(7) 2.2038(6)
Fe(1)-S(1) 2.3417(8) 2.3287(7) 2.3225(6)
Fe(1)-S(2) 2.3164(8) 2.3089(7) 2.3047(6)
Fe(1)-S(3) 2.3247(8) 2.3202(7) 2.3154(7)
Fe(2)-O(3) 1.942(3) 1.941(2) 1.928(2)
Fe(2)-O(4) 1.890(3) 1.892(2) 1.875(2)
O(3)-O(4) 1.229(4) 1.221(4) 1.207(4)
Fe(2)-P(2) 2.2142(8) 2.2129(6) 2.2126(6)
Fe(2)-S(4) 2.2995(7) 2.2953(6) 2.2919(6)
Fe(2)-S(5) 2.3029(8) 2.2941(7) 2.2902(6)
Fe(2)-S(6) 2.3275(8) 2.3266(7) 2.3238(6)

Bond angle (degree)
O(1)-Fe(1)-O(2) 41.3 (1) 41.5(1) 41.84(9)
Fe(1)-O(1)-O(2) 69.0(2) 61.1(1) 69.0(1)
Fe(1)-O(2)-O(1) 69.7(2) 69.4(1) 69.2(1)
P(1)-Fe(1)-S(1) 80.36(3) 80.62(2) 80.71(2)
P(1)-Fe(1)-S(2) 80.46(3) 80.50(2) 80.54(2)
P(1)-Fe(1)-S(3) 80.66(3) 80.53(2) 80.43(2)
S(1)-Fe(1)-S(2) 114.36(3) 114.45(3) 114.54(3)
S(2)-Fe(1)-S(3) 119.07(3) 119.19(3) 119.27(3)
S(1)-Fe(1)-S(3) 118.55(3) 118.43(3) 118.26(3)
O(3)-Fe(2)-O(4) 37.4 (1) 37.1(1) 37.0(1)
Fe(2)-O(3)-O(4) 69.0(2) 69.3(1) 69.1(1)
Fe(2)-O(4)-O(3) 73.6(2) 73.6(2) 73.9(2)
P(2)-Fe(2)-S(4) 83.33(3) 83.73(2) 83.61(2)
P(2)-Fe(2)-S(5) 80.58(3) 80.83(2) 80.90(2)
P(2)-Fe(2)-S(6) 81.54(3) 81.48(2) 81.43(2)
S(4)-Fe(2)-S(5) 127.50(3) 127.07(3) 126.67(3)
S(5)-Fe(2)-S(6) 118.06(3) 118.23(3) 117.97(3)
S(4)-Fe(2)-S(6) 108.56(3) 108.88(2) 109.52(2)
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Table S8. Selected bond distances (Å) and bond angles (deg) of 
[AsPh4][Fe(PS3”)(O2)]·2THF ([AsPh4][1]·2THF) 

Bond length (Å) Bond angle (degree)
Fe-O(1) 1.884(1) O(1)-Fe-O(2) 43.18(7)
Fe-O(2) 1.886(1) Fe-O(1)-O(2) 68.48(8)

O(1)-O(2) 1.387(2) Fe-O(2)-O(1) 68.34(8)
Fe-P(1) 2.2054(5) P(1)-Fe(1)-S(1) 79.57 (2)
Fe-S(1) 2.3171(5) P(1)-Fe(1)-S(2) 81.63(2)
Fe-S(2) 2.3171(5) P(1)-Fe(1)-S(3) 80.61(2)
Fe-S(3) 2.2930(5) S(1)-Fe(1)-S(2) 112.28 (2)

S(2)-Fe(1)-S(3) 116.95(2)
S(1)-Fe(1)-S(3) 122.85(2)

Table S9. The equivalent isotropic displacement parameters of O atoms of 
[PPh4][1]·2THF and [AsPh4][1]·2THF

Ueq (Å2x 103)
Compound Temperature (K)

O1 O2 O3 O4
100 54(1) 48(1) 61(1) 62(1)
150 50(1) 48(1) 64(1) 70(1)[PPh4][1]·2THF
200 51(1) 50(1) 73(1) 89(1)

[AsPh4][1]·2THF 100 29(1) 28(1) - -
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Table S10. The O-O vibrational energy in the reported examples of the first-row d-
block metal-superoxo complexes. 

Wavenumber (cm-1)
Reference Complex

ν16O-16O ν18O-18O

1 [Fe(TAML)(O2)]2- 1260 1183
2 [Cr(14-TMC)(O2)(Cl)]+ 1170 1104

[TptBu,MeCr(Ph)(O2)] 1027 969
[TptBu,MeCr(OPh)(O2)] 1068 1009

[TptBu,MeCr(pz’H)(O2)]+ 1072 1007
[TptBu,MeCr(py)(O2)]+ 1083 1025

4

[TptBu,MeCr(Cl)(O2)] 1104 1044
5 [LNi(O2)] 971 919

[Co(LOiPr)(TpMe2)(O2)] 1147 1088
[Co(LPh)(TpMe2)(O2)] 1150 10906
[Fe(LPh)(TpMe2)(O2)] 1168 1090

7 [Cu(TMG3tren)(O2)]+ 1117 1059
34 [Ni(13-TMC)(O2)]+ 1130 1070
39 [Tp’Co(O2)] 961 908
40 [Cu(O2)(HB(3-tBu-5-iPrpz)3)] 1112 1060
41 [Ni(tmc)(O2)]+ 1131 1067
42 [LNi(O2)]- 980 932
43 [Co(BDPP)(O2)] 1135 1070
44 [Fe(BDPP)(O2)] 1125 1062

[Mn(BDPP)(O2)] 1145,1125[a] 1073
45

[Mn(BDPBrP)(O2)]
1145, 
1125[a]

1078, 1064[a]

46 [Co(TpMe2)(CysOEt)(O2)] 1152 1091
47 [Fe(TpMe2)(2-ATP)(O2)] 1120 1055
48 [Cu(NMe2-TMPA)(O2)] 1121 1058
49 [Cu(LH)(O2)]- 1033 968

50 [Fe(S2
Me2N3(Pr,Pr))(O2)]

1093, 
1122[a]

1022

50 [Co(O2)(Me3TACN)(S2SiMe2)] 1133/1123[b] 1070/1059[b]

51 [tBu,TolDHP]NiO2 1105 1045
52 [(F8)Fe-(O2)] 1178 1114
53 [(TMGN3S)CuO2]+ 1105 1042
54 [(PImH)Fe(O2)] 1171 1110
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55 [(PIm)Fe(O2)] 1180 1124
56 [(F8)Fe(O2)] 1178 1114
57 [(6L)Fe(O2)Fe-Cl]+ 1176 1113
58 [Fe(OPhP)(O2)] 1147 1088
59 [α4Fe(COOMe)4(O2)] 1104, 967 951, 911
60 [(DMAN3S)Cu(O2)]+ 1117 1056
61 [(DMM-tmpa)Cu(O2)]+ 1121 1058
62 [(HIPT3tren)Cu(O2)] 1095 1034

[(TMPA)Cu(O2)]+ 1119 1058
[(BA)Cu(O2)]+ 1123 105963

[(F5BA)Cu(O2)]+ 1126 1062
64 [(MPPA)Cu(O2)]+ 1130 1067

[(NH2TMPA)Cu(O2)]+ 1123 1064, 1051
[((NH2)2TMPA)Cu(O2)]+ 1121 1061
[(PV2TMPA)Cu(O2)]+ 1138, 1117 1055

65

[((CH3)TMPA)Cu(O2)]+ 1121 1064, 1049
66 [LCu(O2)] 1104 1044

[AsPh4][1] 958, 939[a] 896
This work

[PPh4][1] 959, 939[a] 897
[a] Fermi doublet.     [b] Two conformers of Co-O2 moiety are proposed.

Table S11. Comparison of the computed key geometric and spectroscopic parameters 
with experiment.

Fe-O2

(Å)
O-O
(Å)

Fe-S
(Å)

Fe-P
(Å)

O-O

(cm–1)


(mm/s)
|ΔEQ| 

(mm/s)

Exp.
1.884, 
1.886

1.387
2.317, 
2.317, 
2.293

2.205
958,
939

0.37 2.00

PBE
1.867, 
1.902

1.363
2.343, 
2.298, 
2.265

2.174 1017 0.27 2.01

B3LYP
1.884, 
1.884

1.361
2.375, 
2.358, 
2.350

2.224 1049 0.35 2.26

Crystal 
structure 

1.330 0.32 2.14
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Crystal 
structure

1.229 0.38 1.72
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Coordinate of the optimized geometry of complex 1 with O-O bond distance of 1.40 Å
Fe    0.078186000000     -0.269302000000     -0.060747000000
S     1.797432000000      1.224680000000     -0.351694000000
S     0.782898000000     -2.397617000000     -0.398368000000
S    -1.934062000000      0.840239000000     -0.495247000000
P     0.074636000000     -0.226774000000     -2.239372000000
Si    3.520020000000      4.046993000000     -1.162549000000
Si    2.561680000000     -5.153350000000     -1.308673000000
Si   -5.197584000000      1.261913000000     -1.392055000000
O     0.021875000000      0.265005000000      1.761702000000
O    -0.557354000000     -0.988905000000      1.533224000000
C     0.742979000000      1.337581000000     -2.857260000000
C     0.493134000000      1.882647000000     -4.123333000000
H    -0.239588000000      1.400250000000     -4.789945000000
C     1.165693000000      3.051174000000     -4.512720000000
H     0.976961000000      3.499958000000     -5.499722000000
C     2.075271000000      3.649875000000     -3.621703000000
H     2.593651000000      4.567873000000     -3.942377000000
C     2.331360000000      3.137407000000     -2.330902000000
C     1.636418000000      1.950882000000     -1.938659000000
C     2.596116000000      4.695667000000      0.358289000000
H     2.106370000000      3.856426000000      0.891275000000
H     1.808859000000      5.417774000000      0.058996000000
H     3.292649000000      5.206252000000      1.056538000000
C     4.253858000000      5.541395000000     -2.087694000000
H     3.467609000000      6.263984000000     -2.388926000000
H     4.808501000000      5.233187000000     -2.998002000000
H     4.965506000000      6.076519000000     -1.424280000000
C     4.958409000000      2.927228000000     -0.644059000000
H     5.645444000000      3.462307000000      0.045157000000
H     5.538588000000      2.600858000000     -1.531492000000
H     4.576426000000      2.021981000000     -0.132644000000
C     1.099202000000     -1.533394000000     -2.960589000000
C     1.576388000000     -1.568725000000     -4.279231000000
H     1.376289000000     -0.723189000000     -4.955895000000
C     2.323458000000     -2.675268000000     -4.711101000000
H     2.711021000000     -2.718190000000     -5.740221000000
C     2.582653000000     -3.725975000000     -3.810397000000
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H     3.172195000000     -4.586496000000     -4.166223000000
C     2.135964000000     -3.711418000000     -2.471239000000
C     1.383305000000     -2.574918000000     -2.038806000000
C     3.629912000000     -4.559519000000      0.137725000000
H     3.094768000000     -3.777694000000      0.712516000000
H     4.578879000000     -4.122661000000     -0.234206000000
H     3.875299000000     -5.399907000000      0.820265000000
C     3.562166000000     -6.442762000000     -2.289436000000
H     3.813957000000     -7.298506000000     -1.628958000000
H     4.515257000000     -6.023568000000     -2.672338000000
H     2.989550000000     -6.840616000000     -3.152375000000
C     0.986784000000     -5.998380000000     -0.679519000000
H     0.390118000000     -6.387485000000     -1.530198000000
H     0.358978000000     -5.274800000000     -0.121865000000
H     1.234457000000     -6.846998000000     -0.007998000000
C    -1.593051000000     -0.343359000000     -2.924820000000
C    -1.971479000000     -0.876130000000     -4.162709000000
H    -1.223882000000     -1.381697000000     -4.794759000000
C    -3.309570000000     -0.760914000000     -4.576492000000
H    -3.632720000000     -1.177072000000     -5.542640000000
C    -4.232900000000     -0.105438000000     -3.741113000000
H    -5.277037000000     -0.018174000000     -4.083462000000
C    -3.883929000000      0.427611000000     -2.479714000000
C    -2.527169000000      0.284410000000     -2.053522000000
C    -6.850663000000      1.267427000000     -2.338255000000
H    -7.632285000000      1.758915000000     -1.721746000000
H    -7.198044000000      0.238098000000     -2.563217000000
H    -6.778507000000      1.823352000000     -3.295466000000
C    -5.449187000000      0.297555000000      0.218351000000
H    -4.488198000000      0.210686000000      0.763603000000
H    -5.818200000000     -0.726677000000      0.005281000000
H    -6.188152000000      0.806730000000      0.872267000000
C    -4.729370000000      3.062624000000     -1.030998000000
H    -5.488031000000      3.546571000000     -0.380452000000
H    -4.654091000000      3.642999000000     -1.973214000000
H    -3.745703000000      3.105296000000     -0.522345000000
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