Structural characterization of Nb2CTz MXene for energy storage application
Ivan Pešić1, Vanja Vojnović1, Andjela Gavran1, Katarina Tošić1, Marko Spasenović1, Marija Pergal1
1Institute of Chemistry Technology and Metallurgy, University of Belgrade, Njegoševa 12,
Belgrade, Serbia

e-mail: marija.pergal@ihtm.bg.ac.rs, ivan.pesic@ihtm.bg.ac.rs
Niobium carbide (Nb₂CTz) MXene is a promising material for energy storage applications due to its metal-like electrical conductivity, hydrophilic surface chemistry, and efficient ion transport pathways. In this work, we employed a ‘MILD’ etching method to selectively remove aluminum and partially exfoliate Nb₂CTz MXene, resulting in few-layer nanosheets suitable for electrode fabrication. To tailor interfacial properties and improve electrochemical performance, Nb₂CTz flakes were functionalized with three silane coupling agents: PEG-silane, acrylate silane, and amino-silane, prior to their transformation into freestanding, binder-free films via vacuum filtration. Structural characterization was conducted using Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS). The presence of functional groups on Nb-based MXenes was confirmed by FTIR, while XRD patterns revealed an increase in interlayer spacing following silane modification, indicating successful intercalation and surface grafting. XPS spectra further confirmed the presence of silicon originating from the silane molecules, supporting the occurrence of covalent functionalization. Based on previous findings in MXene research [1], it was hypothesized that silane functionalization would enhance electrochemical properties such as capacitance and rate capability by improving ion accessibility between layers. The effects of different types of organosilanes on the electrochemical performance of Nb₂CTz electrodes were quantitatively evaluated through cyclic voltammetry, galvanostatic charge–discharge, and electrochemical impedance spectroscopy. A scalable preparation method facilitates the use of such materials as electrodes for supercapacitors in energy storage systems.
This research was supported by the University of Belgrade - Institute of Chemistry, Technology and Metallurgy through the "Seed Research Grant" for young scientists ("Surface Functionalized Niobium-Based MXene Electrodes for Enhanced Capacitance and Energy Storage Performance (SurfMEX)"), financed by Serbia Accelerating Innovation and Entrepreneurship Project (SAIGE).

REFERENCES
[1] Pešić, I., Pergal, M. V., Vasiljević-Radović, D., Popović, M., Uskoković, P., Petrović, M., & Radojević, V. (2024). Capacitance breakthroughs in free-standing electrodes through MXene functionalization. Science of Sintering, (00), 28-28.
ORCID:  I.P. 0000-0002-2124-7139, V.V. 0009-0005-2304-0958, A.G. 0009-0004-7465-3087, K.T. 0000-0003-1141-4340, M.S. 0000-0002-2173-0972, M.P. 0000-0001-6078-2006

