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Abstract

New materials will shape our future by enabling technologies in healthcare, robotics,
guantum electronics, and space that are impossible today.

Nanomaterials, especially 2D materials, serve as building blocks that can be assembled
into micro- and macroscopic structures and devices. By combining nanosheets with
various structures and compositions, one can achieve unique combinations of
properties not available in current materials. With guidance from computational
techniques, such as machine learning and other Al tools, we should be able to program
the properties and functions of those assembled nanomaterials, ushering in the new
materials age. The most diverse family of 2D materials is carbides, nitrides, and related
structures known as MXenes. They complement graphene, transition metal
dichalcogenides, and other 2D materials by offering high metallic conductivity,
electrochemically active surfaces, and extreme strength. More importantly, the optical
and electronic properties of MXenes can be tuned and modulated during use.

Since the discovery of Ti3C2Tx in 2011, more than 50 stoichiometric MX compositions
and dozens of solid solutions have been reported. The number of possible compositions
is infinite when considering solid solutions, high-entropy compositions, in- and out-of-
plane ordered MXenes, and combinations of surface terminations. MXenes can be
synthesized directly from metal halides and carbon sources or by selectively etching
layered ceramics in aqueous etchants, molten salts, or halogen-containing gases.
MXenes have ushered in an era of computationally driven atomistic design of 2D
materials, but we are only beginning our journey into the world of atomistically
designed materials.

The properties of MXenes are tunable by design. For example, chemically tunable
superconductivity, work function, electromagnetic interference (EMI) shielding
effectiveness, and electrical and optical properties have been demonstrated. These
properties can be modulated optically or via an ionotronic approach, enabling
breakthroughs in fields ranging from optoelectronics and EMI shielding to
communication, energy storage, catalysis, sensing, and healthcare. I'll discuss how
structure and composition influence MXene properties. I'll also outline prospects for
applications of MXenes and their assemblies with other 2D materials in electronics,
healthcare, thermal management, communication, and energy generation and storage.
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