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MXenes are a novel family of two-dimensional (2D) inorganic nanomaterials, first discovered in 2011. The
MXene family consists of transition metal carbides, nitrides, and carbonitrides with the general formula Mn+1XnTx,
whereM is an early transition metal, X is carbon and/or nitrogen, and TX stands for surface terminations [1]. Owing
to their unique properties, including large surface area, excellent conductivity, and abundant surface functional
groups, MXenes are well-known as highly biocompatible nanomaterials with a wide range of biomedical applica-
tions. However, the practical use of pristine MXenes is often limited by their sensitivity to oxidation in aqueous
and oxygen-rich environments, as well as the instability of their surface functional groups [2-3]. To address these
limitations in developing immunosensors, we modified Ti3C2TX MXene nanosheets with polydopamine (PDA) via
the self-polymerization of dopamine, thereby creating a versatile platform for antibody immobilization. Herein,
electrochemical and optical analysis methods were assessed to confirm the successful immobilization of antibodies
on PDA-coated MXenes. For electrochemical analysis, the preparation and drop-casting of Ti3C2TX MXene
nanosheets onto screen-printed carbon electrodes were optimized. Subsequently, the PDA-coated MXenes were
modified with antibodies against the SARS-CoV-2 spike protein. Electrochemical impedance spectroscopy was
used to characterize the surface of the modified electrodes, enabling a simple and rapid evaluation of antibody im-
mobilization. For optical analysis, Ti3C2TX–PDA complexes were modified with horseradish peroxidase-conjugated
secondary antibodies (Ab-HRP). Successful Ab-HRP immobilization on Ti3C2TX–PDA was verified through an
enzymatic reaction of HRP with tetramethylbenzidine in the presence of H2O2, which produced a distinct blue color,
enabling direct visual assessment of antibody binding.
The obtained results demonstrate that PDA-coated MXenes are a promising platform for antibody immobilization

and can be effectively evaluated using both optical and electrochemical methods.

Acknowledgements
This project has received funding from the Research Council of Lithuania (LMTLT), agreement No [S-LL-24-2].

[1] C. E. Shuck, K. Ventura-Martinez, A. Goad, S. Uzun, M. Shekhirev, and Y. Gogotsi, “Safe synthesis of MAX and MXENE: Guidelines to reduce risk during
synthesis,” ACS Chemical Health & Safety, vol. 28, no. 5, pp. 326–338, Aug. 2021, doi: 10.1021/acs.chas.1c00051.

[2] K. Diedkova et al., “Effects of etching and delamination on biocompatibility of TI-Based MXEnes,” ACS Applied Materials & Interfaces, vol. 17, no. 34, pp.
47919–47937, Aug. 2025, doi: 10.1021/acsami.5c08807.

[3] A. Popov, V. Lisyte, M. Sapauskiene, S. Ramanavicius, S. Zukauskas, N. Slekie, I. Baginsky, V. Zahorodna, O. Gogotsi, A. Kausaite-Minkstimiene, A.
Ramanaviciene, “MXene-Based Electrochemical Glucose Biosensors: Comparative Enhancement with Aquivion and Nafion”, Materials Today Nano, vol. 32,
no. 100712, Oct. 2025.


