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Abstract

MXenes, a group of 2D materials with layers of transition metal carbides/nitrides/borides, and hold significant
potential in energy storage, catalysis, and a wide range of applications. Synthesis of MXenes typically involves
etching A-layer atoms from MAX phases using acid, alkali, or molten salt etchants [1], however the atomistic
mechanisms behind this process are not fully understood [2-4]. We used ab-initio calculations to explore the
thermodynamic drive and defect formation energies for 11 MAX phases; Ti2AIC, TizAlC2, Ti2AIN, TisAINs,
TazAlC, TasAlCs, Cr2AIC, V2AIC, V4AICs, Nb2AIC and NbsAICs. Contrary to conventional wisdom, we find that
the etching mechanism is not limited by thermodynamic feasibility, and that the inability to synthesize many
compositions is due to kinetic constraints. We demonstrate, as a proof of concept study, the applicability of
defect engineering approach for development of etching protocols in the broader MXene compositional phase
space to pave the way for accelerated and commercial scale MXene synthesis.

References

[1] Meng, D., Xu, M., Li, S., Ganesan, M., Ruan, X., Ravi, S. K., & Cui, X. (2023). Functional Mxenes:
Progress and perspectives on synthetic strategies and structure—property interplay for next-generation
technologies. Small, 20(4). https://doi.org/10.1002/smll.202304483

[2] Naguib, M., Halim, J., Lu, J., Cook, K. M., Hultman, L., Gogotsi, Y., & Barsoum, M. W. (2013). New Two-
Dimensional niobium and vanadium carbides as promising materials for Li-lon batteries. Journal of the
American Chemical Society, 135(43), 15966—-15969. https://doi.org/10.1021/ja405735d

[3] Hemanth, N. R., Kim, T., Kim, B., Jadhav, A. H., Lee, K., & Chaudhari, N. K. (2021). Transition metal
dichalcogenide-decorated MXenes: promising hybrid electrodes for energy storage and conversion
applications. Materials Chemistry Frontiers, 5(8), 3298—3321. https://doi.org/10.1039/d1gm00035g

[4] VahidMohammadi, A., Rosen, J., & Gogotsi, Y. (2021). The world of two-dimensional carbides and
nitrides (MXenes). Science, 372(6547). https://doi.org/10.1126/science.abf1581

Figures
MAX cell volume (A3) Ta,AlC, Nb,AIC, V.AIC Ti,AIN;
810 T Il A
760 Cr,AIC I
710 A THAIC, Nb,AIC
660 o (A 1
ol
610 x cell
MA
560 00
510 3
460 600

410

27 25 23 2

Figure 1: 3D representation of the etching driving force and its correlation with MAX cell volume, and Al chemical potential




