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Figure S1. Figures showing experimental Mössbauer spectra for [Fe(TpivPP)(1-EtIm)(O
2

)]
over a range of temperatures.
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Figure S2. Figures showing experimental Mössbauer spectra for [Fe(TpivPP)(1-MeIm)(O
2

)]
over a range of temperatures.
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Figure S3. Figures showing experimental Mössbauer spectra for [Fe(TpivPP)(2-MeHIm)(O
2

)]
over a range of temperatures.
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Figure S4. Di↵erence electron density at the oxygen site at 80K. Only the asymmetric unit of structure

is displayed. The major and minor terminal oxygen atoms are clearly visible.
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Figure S5. Di↵erence electron density at the oxygen site at 80K. Only the asymmetric unit of structure

is displayed. The major and minor terminal oxygen atoms are clearly visible. Note that in this illustration

the unfavorable orientation of the methyl group of the picket is illustrated (left).
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Figure S6. Electron density at the oxygen site of [Fe(TpivPP)(1-MeIm)(O2)] at 100K. Only the asym-

metric unit of structure is displayed. .

S-12



Figure S7. Formal diagrams of structures of [Fe(TpivPP)(1-MeIm)(O
2

)]?b and [Co(TpivPP)(1-EtIm)(O
2

)]

at di↵erent temperatures and space groups. The upper schemes are edge-on view of the porphyrin plane and

ligands with the key parameters (distances in Å, angle in degrees) shown in sequence of O–O, O–O–M, M–O, �
24

(positive to proximal side), M–N
p

and M–N
ax

. The below schemes are top view of the porphyrin plane showing

the projections of dioxygen (red line) and imidazole plane (dash line) and their angles between the closet M–N
p

vectors.
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Figure S8. Top and side thermal ellipsoid views of [Fe(TpivPP)(1-EtIm)(O2)] at 100K. 50% probability

ellipsoids are shown.
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Figure S9. Top and side thermal ellipsoid views of [Fe(TpivPP)(1-EtIm)(O2)] at 200K. 50% probability

ellipsoids are shown.
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Figure S10. Top and side thermal ellipsoid views of [Fe(TpivPP)(1-EtIm)(O2)] at 300K. 50% proba-

bility ellipsoids are shown.

S-16



Figure S11. Thermal ellipsoid diagrams of [Fe(TpivPP)(1-EtIm)(O2)] structures at 100, 200 and 300 K (top

view ), with the terminal oxygen populations indicated. One of the two orientations are shown for axial imida-

zole and t-butyl groups which are disordered over two positions. Thermal ellipsoids are contoured at the 50%

probability level for 100 K and 40% for 200 and 300 K. Hydrogen atoms omitted for clarity.

N3

N4

C1

C4

C2

C3

O2A

O2B N5

N6

O1

Figure S12. Figure showing an edge-on view of [Fe(TpivPP)(1-MeIm)(O
2

)].
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Figure S13. Thermal ellipsoid plot of [Fe(TpivPP)(2-MeHIm)] at 100 K, 50% probability ellipsoids are

shown. The crystallographically required twofold axis is in the plane of the drawing and vertical.
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Figure S14. Comparison of the T-dependent experimental data for [Fe(TpivPP)(1-EtIm)(O2)] with
the predicted fits based on the model due to Lang et al. Parameters: QS(I)= �2.08 mm/s, ⌘(I) = 0.19,
QS(II)= �1.31 mm/s, ⌘(II) = 0.90, energy di↵erence = 103 cm�1, line width = 0.23 mm/s, rate of
interconversion = 1.24 ⇥ 106 sec�1 (50 K), 4.34 ⇥ 108 sec�1 (250 K), jump angle 90�. Fit residuals
between the experimental data and the simulation are shown as the top line.
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Figure S15. Simulation of the temperature dependent spectra for [Fe(TpivPP)(1-MeIm)(O2)] based on
the Oldfield model. Parameters: QS= �2.08 mm/s, ⌘ = 0.18, energy di↵erence = 138 cm�1, line width
= 0.26 mm/s, rate of interconversion = 1.04⇥ 106 sec�1 (50 K), 3.25 ⇥ 108 sec�1 (200 K), jump angle
90�. Fit residuals between the experimental data and the simulation are shown as the top line.
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Figure S16. Comparison of the T-dependent experimental data for [Fe(TpivPP)(1-EtIm)(O2)] (Sample

2) with the predicted fits based on the model due to Lang et al. Parameters: QS(I)= �2.13 mm/s, ⌘(I)

= 0.30, QS(II)= �1.39 mm/s, ⌘(II) = 0.75, energy di↵erence = 74 cm�1, line width = 0.25 mm/s, rate

of interconversion = 1.8 ⇥ 106 sec�1 (50 K), 4.4 ⇥ 108 sec�1 (250 K), jump angle 90�.
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Figure S17. Comparison of the T-dependent experimental data for [Fe(TpivPP)(1-EtIm)(O2)] (Sample

2)with the predicted fits based on the model due to Oldfield et al. Parameters: QS= �2.09 mm/s, ⌘ =

0.12, energy di↵erence = 123 cm�1, line width = 0.25 mm/s, rate of interconversion = 2.6 ⇥ 106 sec�1

(50 K), 4.6 ⇥ 108 sec�1 (250 K), jump angle 90�.
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Å

3

64
90

.1
(5
)

64
88

.6
(3
)

65
97

.0
(3
)

64
78

.2
(4
)

64
57

.9
(3
)

67
41

.3
(4
)

sp
ac
e
gr
ou

p
C
2/

c
C
2/

c
C
2/

c
C
2/

c
C
2/

c
C
2/

c

Z
4

4
4

4
4

4

te
m
p
,
K

10
0(
2)

10
0(
2)

20
0(
2)

10
0(
2)

80
(2
)

30
0(
2)

D
c
a
lc
d
,
g
cm

�
3

1.
26

8
1.
29

7
1.
27

1
1.
29

4
1.
28

9
1.
22

3

µ
,
m
m

�
1

0.
29

3
0.
29

2
0.
29

2
0.
29

7
0.
29

7
0.
28

4

fi
n
al

R
in
d
ic
es

R
1

=
0.
06

18
R

1

=
0.
07

60
R

1

=
0.
04

69
R

1

=
0.
07

31
R

1

=
0.
07

84
R

1

=
0.
07

07

[I
>

2�
(I
)]

w
R

2

=
0.
17

79
w
R

2

=
0.
18

28
w
R

2

=
0.
13

47
w
R

2

=
0.
17

91
w
R

2

=
0.
18

35
w
R

2

=
0.
20

30

fi
n
al

R
in
d
ic
es

R
1

=
0.
07

23
R

1

=
0.
08

13
R

1

=
0.
05

43
R

1

=
0.
07

74
R

1

=
0.
08

18
R

1

=
0.
08

52

(a
ll
d
at
a)

w
R

2

=
0.
19

01
w
R

2

=
0.
18

54
w
R

2

=
0.
14

25
w
R

2

=
0.
18

13
w
R

2

=
0.
18

51
w
R

2

=
0.
21

44


