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Abstract

Molecular Co?* ions were grafted onto doped graphene in a coordination environment, resulting
in the formation of molecularly well-defined, highly active electrocatalytic sites at a
heterogeneous interface for the oxygen evolution reaction (OER). The S dopants of graphene
are suggested to be one of the binding sites and to be responsible for improving the intrinsic
activity of the Co sites. The turnover frequency of such Co sites is greater than that of many
Co-based nanostructures and IrO; catalysts. Through a series of carefully designed experiments,
the pathway for the evolution of the Co cation-based molecular catalyst for the OER was further
demonstrated on such a single Co-ion site for the first time. In another demonstration of
molecular Ni?* based system, We found for the first time that the presence of Fe®* ions in the
solution could bond at the vicinity of the Ni sites with a distance of 2.7 A, generating
molecularly sized and heterogeneous Ni-Fe sites anchored on doped graphene. These Ni-Fe
sites exhibited drastically improved OER activity. It is revealed that the Ni-Fe sites adsorbed

HO™ ions with a bridge geometry, which facilitated the OER electrocatalysis.
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In this talk, I am going to summarize our recent progresses towards design of effcient
oxygen electrocatalysts for various electrochemical energy conversion and storage
applications. The design strategy includes: 1. How to experimentally determine
binding strength of reactive intermediates. 2. How to tune binding strength of
reactive intermediates by surface engineering. 3. How to break the scaling
relationship.
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Abstract:

Hollow nanostructures are promising as electrode materials for electrochemical energy storage,
including lithium-ion batteries, supercapacitors and lithium-sulfur batteries. In this talk, I will
briefly discuss the design, synthesis and electrochemical properties of hollow nanostructures of
metal oxides/sulfides. Specifically, we have been able to synthesize different hollow
nanostructures of many binary metal oxides such as SnO,, Fe;O3 and Fe3O4, and many mixed
transition metal oxides/sulfides such as NiCo,04 and NiCo,Ss. We have also designed many
hollow structures to fabricate advanced cathode materials for lithium-sulfur batteries.
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