
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Abstract:  
I will present a seminar on the design and synthesis of organometallic molecules for controlling proton 
and electron transfer reactions for catalysis. 
In part 1 I will talk about catalytic reactions which proceed through a metal-hydride intermediate. These 
usually suffer from trade off in selectivity and reaction rate which are determined by an interplay of 
reaction thermochemistry and kinetics. Selectivity for hydride transfer to substrate is lost to H2 evolution 
when stronger metal-hydride donors are employed in efforts to enhance the reaction rate. This report 
describes a strategy to use a fast initial chemical step which promotes a pre-equilibrium formation of the 
cat-alyst-hydride intermediate. The result of this fast pre-equilibrium kinetics is to promote CO2 
electroreduction to formate formation at 5.26 × 102 s-1 at an overpotential of just ~10 mV. Compared 
with molecular catalysts that have similar over-potential, this rate is enhanced by five orders of 
magnitude. As an alternative comparison, overpotential is lowered by 100 mV compared to catalysts with 
similar rate. The principles elucidated here for mechanism-gu  ided catalyst design are general and can 
guide future and further improved electrocatalyst development in hydride transfer and X-H bond forming 
reactions (X = C, N, or other), for molecular and heterogeneous chemistry.  
In part 2 redox active ligand complexes of Al(III) and Ga(III) are known to have metalloaromatic electronic 
structures and to support ligand-based proton transfer and electron transfer chemistry. In this talk I will 
discuss catalysis mediated by Al(III) complexes of the di(imino)pyridine ligand, including a series of 
catalytic processes that are all initiated by Al-ligand cooperative bond activation of the polar O-H and N-H 
bonds in substrates.  Examples of the catalytic reactions include acceptorless dehydrogenation of amines 
and of formic acid, and transfer hydrogenation. The mechanistic details of these catalytic 
transformations will be discussed along with a discussion of the different Al(III) catalysts and how their 
electronic structures and coordination environment at the metal center influence the catalytic reaction 
chemistry. 
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