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The development of an efficient earth-abundant catalyst for the oxygen reduction reaction 
(ORR) is crucial, considering the importance of the reaction in fuel cell technology.1 It has 
been shown in a series of molecular Fe(porphyrin) complexes that the turnover frequency 
(TOF) of ORR increases with increasing the effective overpotential (heff), which is often 
referred to as a ‘molecular scaling relationship’. Likewise, TOF also increases with decreasing 
the E1/2 of the redox couple that initiates the catalysis (such as for ORR, CO2 reduction, etc.). 
Thus, a catalyst can be defined as effective if it exhibits a high TOF value without altering the 
E1/2 or heff. A careful design of a catalyst is, therefore, required to break the scaling relationship. 
In this study, a family of CoIII complexes (1-8) having a bis-pyridine-dioxime ligand 
architecture at the primary coordination sphere and a non-identical secondary coordination 
sphere (SCS) has been synthesized and characterized.2 The electrocatalytic ORR activity of 
these catalysts has been explored in acetonitrile in the presence of trifluoroacetic acid (TFAH) 
and in a 1:1 TFAH/CF3COO- buffer solution.  All the complexes were found to be selected for 
4e-/4H+ reduction of O2. A linear free energy relationship (LFER) for this series of catalysts 
was explored, which showed an increase in turnover frequency (TOF) with increasing effective 
overpotential (heff). However, CoIII catalysts embedded with ortho-NHMe2+-C6H4- and 
ortho-OMe-C6H4- groups at the SCS don’t follow the LFER trend and exhibited >1000 and 
>250 times higher TOF than the values expected, considering their positions in the 
log(TOF)/heff correlation in the buffer solution. Kinetic studies established similar kinetics for 
all the Co catalysts, and we propose that the protonation of the CoIII(O2•) is the rate-determining 
step. Apparently, the presence of -NHMe2+ or -OMe groups at the SCS creates proton relay 
sites, which assist in protonating the CoIII(O2•) intermediate and cause the rate enhancement. 
The study enlightens the ligand design strategy for developing efficient molecular ORR 
catalysts that can break scaling relationships.  

 
Figure 1. Linear free energy relationship for oxygen reduction reaction catalyzed by a series of 
CoIII complexes. 
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In April 2017, Dr. Paria joined the Indian Institute of Technology Delhi as an Assistant 
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