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Two-dimensional (2D) materials consist of single layers of atoms and have a number of key
features for electrochemical charge storage and conversion including quantum confinement in two
dimensions, significant available surface area, and distinct local structures (e.g. surface states, edge sites).
In addition to graphene which has been significantly investigated, 2D forms of transition metal oxides
provide significant potential advantages for enhanced electrochemical energy storage and conversion
devices including batteries, supercapacitors, sensors, fuel cells, and electrolyzers.

Iron oxide nanosheets were investigated to provide low-cost cathode materials for lithium-ion
batteries. Iron oxide (FeOx) nanomaterials were synthesized using a solution-phase process and then
exposed to different temperature/atmosphere treatments. The structure was determined using transmission
electron microscopy (TEM), scanning electron microscopy (SEM), x-ray diffraction and Raman
spectroscopy. The improved Li-ion electrochemical capacities, cycling, and rate capabilities of the iron
oxide nanosheets compared with nanoparticles is attributed to the combination of the two-dimensional form
of the material which facilities a surface-based Li-ion charge storage process.

Vanadium pentoxide (V20s) has a layered structure, and nanostructures have shown high capacities
within lithium-ion batteries, the low magnesium-ion diffusion within the structure of highly crystalline
V05 leads to poor performance in magnesium-ion batteries. Our work has shown an effective approach to
increase the interlayer spacing of V,Os nanosheets by incorporating poly(ethylene oxide) (PEO) between
the layers. Inserting PEO in the VOs lattice was shown by x-ray diffraction to increase the interlayer
distance. Magnesium-ion storage capability of interlayer expanded-V:Os-PEO nanocomposites was
investigated using cyclic voltammetry and constant current charge-discharge methods. Based on the
electrochemical analysis, interlayer expanded V,0s-PEO showed the highest specific capacity, with a 5-
fold enhancement in specific capacity over pure V:0s nanosheets. This novel method to expand the
interlayer spacing of the lattice structure provides an effective way to enhance magnesium-ion storage in
layered metal oxides.

Two-dimensional materials also have significant potential for use as electrocatalysts. Toward this
end, we developed a transformative direction of using carbon-free two-dimensional nanostructures as
oxygen reduction electrocatalysts rather than conventional carbon-supported nanoparticles. Two-
dimensional NixPty nanoframes that consist of a highly catalytically active Ni-Pt alloy phase integrated
within a carbon-free metallic support structure were developed. Through controlled
temperature/atmosphere treatments of Pt-decorated Ni(OH). nanosheets, the high surface area 2D
framework is maintained in the nanoframe structure. Our results show that NixPt, nanoframes provide
significantly higher activities compared with conventional Pt/C catalysts.
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