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1. Figure S1: Molecular structure of A 

 
Figure S1. Molecular structure of A with ellipsoids drawn at a 30% probability level. 
All hydrogen atoms are omitted for clarity except the hydroxy H4 atom. Selected 

bond lengths [Å] and bond angles [°]:Fe(1)–C(12) 1.924(3), Fe(1)–N(1) 1.947(3), 
Fe(1)–O(4) 2.128(3); C(12)–Fe(1)–S(1) 84.02(11), N(1)–Fe(1)–O(4) 78.13(11). 
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2. Figure S2: Bulk electrolysis for the two-electron reduction of [CpFe(CO)2]2 and 

the one-electron reductions of A and B. 

The reduction event for A or B is a one-electron process since the final Q values 

for A and B determined by bulk electrolysis are both close to half that of the known 

two-electron reduction of dimer [CpFe(CO)2]2.
1,2 
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Figure S2. Bulk electrolysis for the two-electron reduction of [CpFe(CO)2]2 and the 
one-electron reductions of A and B. 
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3. Figure S3: Bulk electrolysis for the two-electron reduction of [CpFe(CO)2]2 and 

the one-electron oxidations of A and B. 

The oxidation event for A or B is a one-electron process since the final Q values 

for A and B determined by bulk electrolysis are both close to half that of the known 

two-electron reduction of dimer [CpFe(CO)2]2.
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Figure S3. Bulk electrolysis for the two-electron reduction of [CpFe(CO)2]2 and the 
one-electron oxidations of A and B. 
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4. Figure S4: Plots of ip versus ν1/2 for the reduction peaks of A and B. 
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Figure S4. Plots of ip versus ν1/2 for the reduction peaks of A ( ) and B ( ). 

 



 7 

5. Figure S5: Cyclic voltammograms of 20 mM TFA in the presence of catalyst B 

and without B for calculation of turnover frequency. 

Turnover frequency (TOF) was calculated using eq. S1 and was corrected for 

background acid.3-5 The normally used icat/ip was corrected as shown in eq. S1 and 

Figure S4 since the overlap of the current density of the acid without any catalyst with 

the current density of the acid with the catalyst. In equation S1, ν is the scan rate in 

V/s, icat is the measured current with added acid in µA, iacid is the measured current of 

acid by itself at the potential of icat in µA, ip is the measured current of catalyst 

without acid in µA. 

TOF = 1.94V-1 × ν × [(icat−−−−iacid)/ip]
2                 eq. S1 
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Figure S5. Cyclic voltammograms of B (1.0 mM) with 20 mM TFA in 0.1 M 
n-Bu4NPF6/MeCN at a scan rate of 0.1 Vs–1 (black trace) and 20 mM TFA without the 
catalyst (red trace). 
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6. Figures S6 and S7: Overpotential determinations for A and B. 

The overpotentials of A and B were calculated according to eqs. S2 and S3, 

where E1/2
T is equal to the thermodynamic potential for hydrogen production from 

TFA with the effects of homoconjugation taken into account (for 0.3 M TFA in MeCN 

referenced to Fc/Fc+, this value is -0.64 V), and Ecat/2 is the potential at half-maximum 

of the catalytic current of complex A or B with TFA.6-8 The overpotentials for both 

complexes were measured in the presence of 0.3 M TFA. In equation S2, E0
H+/H2 is 

the standard potential for the reduction of protons in V, R is the ideal gas constant in 

K-1mol-1, T is the absolute temperature in K, F is Faraday's constant in C/mol, ɛD is a 

measure of how fast is the diffusion of the products with respect to that of the reactant 

in V, KC is association constant, C0 is the total concentration of the acid in mol/L, C0
H2 

is the concentration of dissolved hydrogen corresponding to a partial pressure of 105 

Pa in mol/L. 

E1/2
T = E0

H+/H2 ‒ (2.303RT/F) pKa + ɛD + (RT/2F)ln(2KC
2
C0C

0
H2)    eq. S2 

overpotential = | E1/2
T ‒ Ecat/2 |                                eq. S3 
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Figure S6. Cyclic voltammograms of A (1.0 mM) with TFA (0, 0.3 M) in 0.1 M 

n-Bu4NPF6/MeCN at a scan rate of 0.1 Vs-1. 
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Figure S7. Cyclic voltammograms of B (1.0 mM) with TFA (0, 0.3 M) in 0.1 M 
n-Bu4NPF6/MeCN at a scan rate of 0.1 Vs-1. 
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7. Figures S8−−−−S10  IR and 1H (13C) NMR spectra of B 
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Figure S8. IR spectrum of B 

 

 

 

 

 

 

Figure S9. 1H NMR spectrum of B 

 

N

Fe

O CO

O

S

OC

N

H



 11 

 

 

 
Figure S10. 13C NMR spectrum of B 
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8. Figures S11−−−−S13  IR and 1H (13C) NMR spectra of 1 

 

Figure S11. IR spectrum of 1 

 

 

 

 

 

 

 

 

Figure S12. 1H NMR spectrum of 1 
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Figure S13. 13C NMR spectrum of 1 
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9. Figures S14−−−−S16  IR and 1H (13C) NMR spectra of 2 
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Figure S14. IR spectrum of 2 

 

 

 

 

 

 

Figure S15. 1H NMR spectrum of 2 
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Figure S16. 13C NMR spectrum of 2 
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10. Figures S17−−−−S19  IR and 1H (13C) NMR spectra of 3 
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Figure S17. IR spectrum of 3 

 

 

 

 

Figure S18. 1H NMR spectrum of 3 
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Figure S19. 13C NMR spectrum of 3 
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11. Figures S20−−−−S23  IR and 1H (13C, 31P) NMR spectra of 4 
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Figure S20. IR spectrum of 4 

 

 

 

 

 

 

Figure S21. 1H NMR spectrum of 4 
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Figure S22. 13C NMR spectrum of 4 

 

 

 

 

Figure S23. 31P NMR spectrum of 4 
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12. Figures S24−−−−S27  IR and 1H (13C, 31P) NMR spectra of 5 
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Figure S24. IR spectrum of 5 

 

 

 

 

 

 

Figure S25. 1H NMR spectrum of 5 
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Figure S26. 13C NMR spectrum of 5 

 

 

 

 
Figure S27. 31P NMR spectrum of 5 
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13. Figures S28−−−−S31  IR and 1H (13C, 31P) NMR spectra of 6 
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Figure S28. IR spectrum of 6 

 

 

 

 

 

Figure S29. 1H NMR spectrum of 6 
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Figure S30. 13C NMR spectrum of 6 

 
 
 

 

 
Figure S31. 31P NMR spectrum of 6 
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14. Figures S32−−−−S34   IR and 1H (13C) NMR spectra of 7 
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Figure S32. IR spectrum of 7 

 

 

 

 

 

 

Figure S33. 1H NMR spectrum of 7 
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Figure S34. 13C NMR spectrum of 7 
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15. Figures S35−−−−S37  IR and 1H (13C) NMR spectra of 8 
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Figure S35. IR spectrum of 8 

 

 

 

 

 

 

 

 

 

Figure S36. 1H NMR spectrum of 8 
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Figure S37. 13C NMR spectrum of 8 
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16. Figures S38−−−−S40  IR and 1H (13C) NMR spectra of 9 
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Figure S38. IR spectrum of 9 

 

 

 

 

 

 

Figure S39. 1H NMR spectrum of 9 
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Figure S40. 13C NMR spectrum of 9 
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