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Direct synthesis and chemical vapor deposition of 2D MXene

Stuart J. Rowan, University of Chicago
Di Wang, Dmitri Talapin, Chong Liu, Suri Vaikuntanathan (Univ Chicago)

Novel chemical reactions enable scalable and atom-economic synthesis of two-
dimensional metal carbides and nitrides (MXenes). These directly synthesized
MXenes show excellent energy storage capacity for Li-ion intercalation.

The direct synthesis route can be used for chemical vapor deposition (CVD) of
MXene carpets. The individual 2D sheets in the carpet are oriented perpendicular to
the substrate surface, which is ideal for supercapacitor and battery applications.

We also observed a novel regime of CVD growth that conceptually resembles
dynamics of cellular membranes during endocytosis: flat MXene carpets evolved
into spherical “vesicles” composed of individual Ti,CCl, sheets radiating from the
center and oriented normal to the surface. The appearance of the MXene vesicles
resembles alien Tribbles from the Star Trek movie “The trouble with Tribbles”
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Presenter Notes
Presentation Notes
What Has Been Achieved: The team has accomplished the first direct synthesis and chemical vapor deposition of 2D carbide and nitride MXenes.

Importance of the Achievement: Two-dimensional metal carbides and nitrides (MXenes) have recently emerged as promising materials for supercapacitors, batteries, electromagnetic shielding, composites, and catalysts. Unlike other 2D materials, such as graphene and transition metal dichalcogenides, MXenes have chemically modifiable basal surfaces that can be used for sophisticated structural and functional engineering. As of now, MXenes are synthesized through etching special crystalline compounds (MAX phases) in aqueous HF solutions or molten inorganic salts. The scope of available MXenes is hence defined by the availability of corresponding MAX phases and the ability of the targeted MXenes to survive harsh etching conditions.

Our MRSEC team has introduced novel chemical reactions and direct synthetic route for scalable and atom-economic synthesis of MXenes, including phases that have not been synthesized from MAX phases, by the reactions of metals and metal halides with graphite, methane or nitrogen. These directly synthesized MXenes showed excellent energy storage capacity for Li-ion intercalation. The direct MXene syntheses can be implemented as scalable batch reactions, or by chemical vapor deposition (CVD) of MXene carpets on metal foils. In the latter route, the individual 2D sheets are oriented perpendicular to the substrate surface, which is ideal for supercapacitor and battery applications. 

How is the achievement related to the IRG, and how does it help it achieve its goals? In addition to the formation of conformal CVD-grown MXene carpets, we observed a novel regime of CVD growth that conceptually resembled the dynamics of cellular membranes during endocytosis: flat MXene carpets evolved into spherical “vesicles” composed of individual Ti2CCl2 sheets radiating from the center and oriented normal to the surface (see Figure). Understanding complex non-equilibrium dynamics of 2D sheets is one of the goals of UChicago MRSEC.

Where the findings are published:  D. Wang, C. Zhou, A. S. Filatov, W. Cho, F. Lagunas, M. Wang, ‪S. Vaikuntanathan, C. Liu, R. F. Klie, D. V. Talapin. Direct synthesis and chemical vapor deposition of 2D carbide and nitride MXenes. Science 2023, 379, 1242-1247. DOI: 10.1126/science.add9204
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