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Two-dimensional titanium carbides Ti2C, MXenes, have been attracted scientific effort, mostly owing to
their intriguing properties and promising applications [1]. The magnetic moments of the external metallic Ti
layers are ferromagnetically or antiferromagnetically oriented to each other depending on the remnants from
the technological processes that cover the surface. The possibility to tune magnetic moments of the external
MZXenes layers through suitable functionalization could be utillized in numerous spintronic applications [2].

We have investigated the change of the magnetic properties of MXenes caused by the substitutional
doping of Ti layers with transition metal (TM) atoms such as Mn, Cr, and Fe. The introduction of TM
atoms with different number of d-electrons (and therefore different magnetic moment) leads to breaking of
the homogeneity of the spontaneous magnetization and formation of the skyrmionic-like patterns (see Figure
below). Magnetic skyrmions are small swirling topological defects in the magnetization texture, which are
regarded as novel information carriers in future spintronic devices [3].

Our studies are based on the first principles calculations within the Kohn-Sham realization of the density
functional theory (DFT) employing the Quantum Espresso computer package. We take spin-orbit interaction
into account and therefore our calculations have to be performed in the non-collinear magnetism regime. To
facilitate eventual future comparison with experiments, we have undertaken an attempt to compute the spin
tunnelling current between the non-uniformly spin-polarized electrons of the MXenes surface and magnetic
tip of the scanning tunnelling microscope (STM), in close analogy to codes providing the STM images from
the electronic density obtained in DFT calculations.

3.0
+2.5
2.0

rl.5

r1.0

0.5

0.0

Acknowledgement: Authors acknowledge the support of National Science Centre in Poland under the
project OPUS-16 (UMO-2018/31/B/ST3/03758).

[1] Y. Wang, Y. Xu, M. Hu, H. Ling, and X. Zhu, MXenes: focus on optical and electronic properties
and corresponding applications, Nanophotonics 9, 1601 (2020).

[2] S. Sugahara and J. Nitta, Spin-Transistor Electronics: An Overview and Outlook, Proceedings of the
Institute of FElectrical and Electronics Engineers 98, 12 (2010).

[3] A. Fert, N. Reyren, V. Cros, Magnetic skyrmions: advances in physics and potential applications,
Nature Reviews Materials 2, 17031 (2017).



