Transition Metal Oxide Nanosheets: Synthesis, Tuning, and Catalysis
Dr. Zachary Fishman
Postdoctoral Associate
Department of Chemical and Environmental Engineering 
Yale University

Abstract:  In a matter of decades nanomaterials have seeped their way into almost every field. 2D nanomaterials, especially transition metal oxides (TMOs), are new platforms for use in fields such as catalysis, photovoltaics, batteries, and more due to their amenable geometry, enhanced reactivity, and high degree of tunability. However, despite the exciting results, implementation of nanomaterials on the macro scale is minimal. Reasons for this include environmental concerns and industry inertia, but at its heart lies a fundamental scientific issue: lack of structure control and property relationships. 
In this talk, two projects will be presented demonstrating how synthesis and characterization can be used in hand-in-hand to better understand structure-property relationships and reaction mechanisms. In the first work, a new environmentally benign method, “hard-templating,” is developed to synthesize the thinnest iron oxide nanosheets ever reported. This new material is then compared to its nanoparticle and nanowire analogues and shown to have potential as future a CO2 conversion catalyst. In the second work, small organic functional groups such as toluene and p-xylene, are covalently bound to the surface of copper oxide nanosheets vastly altering their hydrophobicity and catalytic stability. Together these projects demonstrate: 1) methods for controllably synthesizing new classes of nanomaterials, 2) the importance and reactivity of 2D TMO surfaces, and 3) how a fundamental understanding of reaction mechanisms and structure-property relationships are essential for developing new and improved catalysts. 
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