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S1. Additional electrochemical data

Current
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Figure S1. CVs of O mM (== Black)) 1 mM (== Purple), 25 mM

(== Dark Brown), 5 mM (== Orange) and 10 mM (== Green) solutions of EtsNHCI in DMF (0.1 M

[BusN*][PFs]) at 100 mV s, The reduction peak corresponds to the reduction of EtsNHCI in the absence
of iron catalyst.
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Figure S2. Cyclic voltammograms of 1 (0.5 mM) in the presence of 0 mM (== Black), 1 mM

(== Purple), 2.5 mM (= Dark Brown), 5 mM (= Orange), 7.5 mM (= Green), 10 mM
(= Pink) EtsNHCI in DMF (0.1 M [TBA*][PF¢]) at 100 mV/s.
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Figure S3. CVs of 0.5 mM 2’ (a) and 3’ (b) in the absence (dashed) and in the presence (solid lines) of
2.5 mM EtsNHCl in DMF (0.1 M [BusN*][PFs]) at 100 mV s,
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Figure S4. CVs of 0.5 mM 2 (a) and 3 (b) in the absence (thick lines) and in the presence (thin lines) of
1 mM EtsNHCI in DMF (0.1 M [BusN*][PFe]) at 100 mV s. E”; and E%, denote the apparent standard
potential measured for the first and second cathodic waves, respectively.
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Figure S5. CVs of 0.5 mM 3 in the absence (dark yellow) and in the presence of 1 mM MesNHCI (red),
EtsNHCI (blue) and HsNClI (black) in DMF (0.1 M [BusN*][PFs]) at 100 mV s. AE?; and AE, denote the
shift of apparent standard potential between CVs measured in the presence of the proton source and
that measured without HA for the first and second waves, respectively.
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Figure S6. Cathodic waves obtained for the Fe'(porphyrin)/Fe'(porphyrin)” couple in the
absence (pink) and in the presence of 10 mM of the different proton sources EtsNHCI (black),
NH4Cl (red) and NH4PFs (blue) in DMF (0.1 M [BusN*][PF¢]) at 100 mV st
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S2. Detailed study of iron-based porphyrin 4.

We have here studied 0.5 mM 4 in DMF + 0.1 M BusNPFe. Glassy carbon electrode: 0.07 cm?. The cell
resistance has been compensated by positive feedback (476 ohm) and all the shown CVs are corrected
for the ohmic drop. The addition of electrolyte (0.3 M) has no significant effect on both the position
and the shape of the cyclic voltammograms (except that the compensated cell resistance is smaller:
203 ohm).
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Figure S7. Cyclic voltammograms at 0.1, 0.2, 0.4, 0.6 and 1 V/s of 4 (0.5 mM) at a glassy carbon disk
electrode (0.07 cm?) in DMF + 0.1 M BusNPFe.
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Figure S8. Cyclic voltammograms at 4, 6, 10, 20, 40, 60 and 100 V/s of 4 (0.5 mM) at a glassy carbon
disk electrode (0.07 cm?) in DMF + 0.1 M BusNPFe.
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Figure S9. Cyclic voltammograms at 20 V/s of 4 (0.5 mM) at a glassy carbon disk electrode (0.07 cm?)
in DMF + 0.1 M BusNPF¢. These CVs show the electrochemical reversibility of both reduction waves at
high scan rates.
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Figure S10. Variation of Ep. of the Fe(l)/Fe(0) reduction wave as a function of the log of the potential
scan rate vin DMF + 0.1 M BusNPF¢. The slope of 36 mV per decade of v is close to that theoretically
expected (30 mV per decade of v) for a one-electron reversible electron transfer step (E) followed by
an irreversible chemical step (C).™
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Table S1. Determination of the apparent electron transfer rate constants ks corresponding to the two
Fe(ll)/Fe(l) (process 1) and Fe(l)/Fe(0) (process 2) reduction waves. ks was determined from the
separation between the anodic and cathodic peak potentials (AE,) using the Nicholson’s formalism.?

v/Vst AEpt / mV AER? [ mV k' / cm st k2 / cm st
20 107 105 0.07 0.08
39.6 138 120 0.06 0.08
60 153 175 0.06 0.04
99.5 174 218 0.05 0.04
(o2

where D is the diffusion coefficient of 4 (assumed to be equal to 10° cm? s1), n is the number of
exchanged electrons (n = 1 for both systems), F is the Faraday’s constant, R is the gas constant, T is
temperature (293 K) and v is the potential scan rate (in V s). ¥ is a kinetic parameter which is directly
correlated to AE,.

Average values of 0.06 cm s were obtained for both reduction waves.

Table S2. Values of the apparent standard potentials (E”) and separation between the anodic and
cathodic peak potentials (AEp) for the successive redox waves corresponding to
Fe"(porphyrin)*/Fe"(porphyrin), Fe'(porphyrin)/Fe'(porphyrin) and Fe'(porphyrin)/Fe’(porphyrin)*
for all catalyst studied in this research, based on the voltammograms of Figure 2.

Fe"(porphyrin)*/Fe"(porphyrin) | Fe'(porphyrin)/Fe'(porphyrin) | Fe'(porphyrin)/Fe’(porphyrin)*
E®(V vs SCE) AE, (V) E%(V vs SCE) AE, (V) E®’(V vs SCE) AE, (V)

1 -0.15 0.12 -1.02 0.06 -1.64 0.06

2 -0.24 0.10 -0.99 0.09 -1.51 0.10

3 -0.29 0.10 -1.04 0.06 nc nc

4 -0.21 0.14 -1.10 0.10 nc nc

2’ -0.09 0.08 -0.94 0.06 -1.51 0.09

3’ -0.12 0.08 -0.97 0.07 -1.53 0.05

q -0.15 0.13 -1.06 0.07 -1.67 0.11
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S3. UV-vis titration studies of 1-4 and 2’-4’ with EtsNHCI
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Figure S11. UV-vis spectra of 1 (1 uM) as a function of the increasing equivalent number of EtsNHCI
(from 0.0 to 20.0 equivalent).
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Figure S12. UV-vis spectra of 2 (1 uM) as a function of the increasing equivalent number of EtsNHCI

(from 0.0 to 20.0 equivalent).
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Figure S13. UV-vis spectra of 2’ (1 uM) as a function of the increasing equivalent number of EtsNHCI
(from 0.0 to 20.0 equivalent).
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Figure S14. UV-vis spectra of 3 (1 uM) as a function of the increasing equivalent number of EtsNHCI
(from 0.0 to 20.0 equivalent).
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Figure S15. UV-vis spectra of 3’ (1 uM) as a function of the increasing equivalent number of EtsNHCI
(from 0.0 to 20.0 equivalent).
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Figure $16. UV-vis spectra of 4 (10 uM) as a function of the increasing equivalent number of EtsNHCI
(from 0.0 to 20.0 equivalent).
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Figure S17. UV-vis spectra of 4’ (1 uM) as a function of the increasing equivalent number of EtsNHCI
(from 0.0 to 20.0 equivalent).
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S4. Computational Study

Molecular modeling calculations were performed using PM3-Spartan molecular modeling program.

S4.1. XYZ cartesian coordinates for the molecular modelled structure 4* + Cl.

Figure S18.
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C 0.049930 2.570509 0.582250
C -0.389815 1.221447 2.370265
N  -0.505646 1.365416 0.993980
C 0.240960 2.450489  2.848782
C 0.530659  3.224229  1.799552
H 1.016044 4.185324 1.861696
H 0.473043 2.687585 3.875341
H -0.052673 7.771956 -0.804126
Fe -1.280036 0.007146 -0.216493
H 3.842638 5.997338 -1.156773
C 3.128731 3.463628 -1.017643
0] 4201118 3.405979 -0.445496
0] 2.708215 2.500554 -1.850550
H 3.376972 1.789707 -1.774519
H 0.234564 -0.521740 -0.339566
Cl 1.746051 0.432183 -1.211038

S4.2. XYZ cartesian coordinates for the molecular modelled structure 3* + HNMesCl.
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S5. Plausible mechanism
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S6. NMR spectra
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Figure $20. 'H NMR (400 MHz, CDCls, 298 K) spectra of 2.
* denotes traces of dichloromethane, # denotes traces of petroleum ether.
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Figure S21. 'H NMR (400 MHz, CDCls, 298 K) spectra of 2’.
* denotes traces of water, # denotes traces of petroleum ether.
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Figure $22. 'H NMR (400 MHz, DMSO-ds, 298 K) spectra of 2.
* denotes traces of water.
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Figure $23. 'H NMR (400 MHz, CDCls, 298 K) spectra of 3”.
* denotes traces of water, # denotes traces of petroleum ether.
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Figure S24. 'H NMR (400 MHz, CDCls, 298 K) spectra of 3’.
* denotes traces of dichloromethane, # denotes traces of petroleum ether.
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Figure S25. 'H NMR (400 MHz, DMSO-ds, 298 K) spectra of 3.
* denotes traces of water.

523



o
TEIBRITSARNARASNNLAR e RsT Ny 8BRS 2
0K HDODBODOYOPOODBBBONNNNNNNNNRN 00O o

T e ——— 3
.
[
~
J -~
/ r
~ !
(
|
| P
» W,
*
I
|
i &
‘ # #
| I IuJ " ] |
Uil b A il L U WA L
T — e
] 5 2
5 2 2
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 4.0 35 3%[!( 2.? 20 15 1.0 05 00 -05 -1.0 -15 -20 -25 -30 -35 40
1 (ppm;

Figure S26. 'H NMR (400 MHz, CDCls, 298 K) spectra of 4”.
* denotes traces of water, # denotes traces of petroleum ether, & denotes traces of
dichloromethane.
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Figure S27. 'H NMR (400 MHz, CDCls, 298 K) spectra of 4’.

* denotes traces of water, & denotes traces of dichloromethane, and # denotes traces of petroleum
ether.
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Figure $28. 'H NMR (400 MHz, DMSO-ds, 298 K) spectra of 4.

* denotes traces of water.
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