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Abstract Electrochemistry 

Mechanism of H2 Production with the Lewis Pair Created by S-Fe’ Bond Rupture 

 

Calculated H-H Distance and Coupling Barrier  
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 Catalytic response at the 2nd and the 
1st redox event for Fe-Fe’+ and Ni-
Fe’+, respectively; 

  TOF (CV): 69 and 52 s-1; 

 Over-Potential (CV): 938 and 942 mV; 

 H2 Faradaic Efficiency (Bulk Electroly-
sis at –  1.56 V):  77.2 %,  96.0 %; 

Fe-Fe’H-SDNH+ (calc’d) 
d(H-H) =2.634 Å τ(Fe) = 0.316 

Coupling Barrier: 11.6 kcal/mol 

Fe-Fe’H-SDNH (calc’d) 
d(H-H) =1.486 Å τ(Fe) = 0.416 
Coupling Barrier: 3.6 kcal/mol 

 The 3rd reduction on Fe’ sup-
presses the S π-donation to 
Fe’, making the sulfur less  
planar. (The hemi-lability in π-
interaction.) 

 A shorter H-H distance leads 
to a lower, earlier TS. 

Liu’s work (exp.) 
d(H-H) =1.489 Å 

Ni-R state (exp.) 
d(H-H) =2.45 Å 

Synthesis and Crystal Structure 

Fe-Fe’+ 

Ni-Fe’+ 

Ni-Fe’’+ 

Introduction: Proton Shuttles in Hydrogenase  

[FeFe]-Hydrogenase 
Pendant amine 

[NiFe]-Hydrogenase 
Cysteine residue 

T he coupling of a proton and a hydride to form H2  in the active sites 

of either [FeFe]- or [NiFe]-hydrogenase, is assisted by an intramolec-

ular base as the proton shuttle.  Our synthetic model, [M(N2S2)Fe(CO)Cp]
+ (M = Ni or Fe(NO)), though it lacks an apparent base, may dissociate its 

S-Fe’ bond (Hemi-lability) to create a Lewis pair and act as an electro-

catalyst for H2 production.  After two protonations and two/three reduc-

tions, the proton on S and the hydride on Fe’ are propitiously orientated 

and their spatial proximity facilitates the subsequent coupling.   Such a 

coupling reaction and its barrier are dependent on the oxidation states 

and may occur by either a [ECEC] or an E[CECE] mechanism. 


