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Recent progress in the application of new 2D-materials—MXenes—in the design of biosensors, biofuel cells and
bioelectronics is overviewed and some advances in this area are foreseen. Recent developments in the formation of a
relatively new class of 2D metallically conducting MXenes opens a new avenue for the design of conducting composites
with metallic conductivity and advanced sensing properties. Advantageous properties of MXenes suitable for biosensing
applications are discussed. Frontiers and new insights in the area of application of MXenes in sensorics, biosensorics and
in the design of some wearable electronic devices are outlined. Some disadvantages and challenges in the application of
MXene based structures are critically discussed.
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| 1. Introduction

MXenes have appeared very recently (in 2011) as a new class of 2D materials with either metallic conductivity!2l2 or
some attractive semiconducting properties, or both, which can be well exploited in the design of sensors, biosensors,
biofuel cells and in the development of some wearable bioelectronic devices. MXenes have some structural relation and
even similarity of some physical properties with other 2D materials, for example, graphene.

| 2. Composition

Most MXenes are based on 2D transition metal carbides[@ . In addition to the carbides, 2D material — graphene@#!. The
most of MXenes are based on 2D transition metal nitrides carbonitrides are appointed to this class of MXene materials®!.
MXenes are usually prepared by etching of initial materials, called “MAX phases”, which can be presented by generalized
formula Mp+1AX,, in which “M” representing the transition metals (that are Ti, Sc, Zr, Cr, V, Mn, Hf, Nb, Mo or Ta), “A” is an
element from group 12, 13, 14, 15 or 16 (that are Al, Cd, Si, S, P, Ga, As, Ge, In, Tl, Sn or Pb) in the periodic table, “X” is

either carbon (C), nitrogen (N) or a mixture of both of them [6-9], and “n” in this formula can be in the range of 13I8
O (Figure 1).
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Figure 1. The composition of MXenes and MAX phases from the periodic table. Reprinted from[12],

| 3. Properties and Application

It should be noted that MAX phases are characterized by metal-like electrical/thermal conductivity behavior and they are
mostly chemically stable materials. MXenes possess great and rather unusual physical and chemical properties that can
be well adapted for the design of electrochemical sensors and biosensors. The properties of MXenes can be well tailored
through proper variation of M and X elements in MXene structure and by the introduction of various surface terminal
groups3I4ILS] pue to this option of applying very different surface “finishing”, recent advances in surface chemistry
enables the introduction of particular surface “terminal functional groups”3IlM4L8] which can be suitable for the



immobilization of enzymes and some other proteins. Hence, MXenes can be efficiently modified by particular
biomolecules and many other compounds that are required for the action of biosensors. In addition, the above mentioned
“terminal functional groups” can provide tailored electronic, electrochemical and optical properties to MXene-based
biosensing structures314I15] - Optical properties of MXenes are highly applicable for biosensing purposesi2€, especially
those which are based on fluorescence resonance energy transfer and induce changes in photoluminescence signalZ.

References

1. Ramanavicius, S.; Ramanavicius, A. Progress and Insights in the Application of MXenes as New 2D Nano-Materials Su
itable for Biosensors and Biofuel Cell Design. International Journal of Molecular Sciences 2020, 21, 9224.

2. Naguib, M.; Kurtoglu, M.; Presser, V.; Lu, J.; Niu, J.; Heon, M.; Hultman, L.; Gogotsi, Y.; Barsoum, M.W. Two-Dimension
al Nanocrystals Produced by Exfoliation of Ti3AIC2. Mater. 2011, 23, 4248-4253.

3. Naguib, M.; Mashtalir, O.; Carle, J.; Presser, V.; Lu, J.; Hultman, L.; Gogotsi, Y.; Barsoum M.W.; Two-dimensional transi
tion metal carbides ACS Nano 2012, 6, 1322-1331.

4. Naguib, M.; Gogotsi, Y. Synthesis of two-dimensional materials by selective extraction. Chem. Res. 2015, 48, 128-135.

5. Deshmukh, K.; Kovarik, T.; Pasha, S.K.K. State of the art recent progress in two dimensional MXenes based gas senso
rs and biosensors: A comprehensive review. Chem. Rev. 2020, 424, 213514.

6. Zhao, Y.; Watanabe, K.; Hashimoto, K. Self-supporting oxygen reduction electrocatalysts made from a nitrogen-rich net
work polymer. Am. Chem. Soc. 2012, 134, 19528-19531.

7. Ghidiu, M.; Lukatskaya, M.R.; Zhao, M.Q.; Gogotsi, Y.; Barsoum, M.W. Conductive two-dimensional titanium carbide ‘cl
ay’ with high volumetric capacitance. Nature 2014, 516, 78-81.

8. Eklund, P.; Rosen, J.; Persson, P.O.A. Layered ternary M n +1AX n phases and their 2D derivative MXene: An overvie
w from a thin-film perspective. Phys. D Appl. Phys. 2017, 50, 113001.

9. Magnusan, M.; Mattesini, M. Chemical bonding and electronic-structure in MAX phases as viewed by X-ray spectrosco
py and density functional theory. Thin Solid Films 2017, 621, 108-130.

10. Ma, T.Y.; Cao, J.L.; Jaroniec, M.; Qiao, S.Z. Interacting carbon nitride and titanium carbide nanosheets for high perform
ance oxygen evolution. Chem. Int. Ed. 2016, 55, 1138-1142.

11. She, Z.W.; Fredrickson, K.D.; Anasori, B.; Kibsgaard, J.; Strickler, A.L.; Lukatskaya, M.R.; Gogotsi, Y.; Jaramillo, T.F.; V
ojvodic, A. Two-dimensional molybdenum carbide (MXene) as an efficient electrocatalyst for hydrogen evolution. ACS
Energy Lett. 2016, 1, 589-594.

12. Ibrahim, Y.; Mohamed, A.; Abdelgawad, A.M.; Eid, K.; Abdullah, A.M.; Elzatahry, A. The Recent Advances in the Mecha
nical Properties of Self-Standing Two-Dimensional MXene-Based Nanostructures: Deep Insights into the Supercapacit
or. Nanomaterials 2020, 10, 1916.

13. Kim, H.; Wang, Z.; Alshareef, H.N. MXetronics: Electronic and photonic applications of MXenes. Nano Energy 2019, 6
0, 179-197.

14. Khazaei, M.; Arai, M.; Sasaki, T.; Ranjbar, A.; Liang, Y.; Yunoki, S. OH-terminated two-dimensional transition metal carb
ides and nitrides as ultralow work function materials. Rev. 2015, B 92, 075411.

15. Tahini, H.A.; Tan, X.; Smith, S.C. The origin of low work functions in OH terminated MXenes. Nanoscale 2017, 9, 7016—
7020.

16. Liu, M.; He, Y.; Zhou, J.; Ge, Y.; Zhou, J.; Song, G. A “naked-eye” colorimetric and ratiometric fluorescence probe for uri
¢ acid based on Ti3C2 MXene quantum dots. Chim. Acta 2020, 1103, 134-142.

17. Zhang, Q.; Wang, F.; Zhang, H.; Zhang, Y.; Liu, M.; Liu, Y. Universal Ti3C2 MXenes Based Self-Standard Ratiometric Fl
uorescence Resonance Energy Transfer Platform for Highly Sensitive Detection of Exosomes. Chem. 2018, 90, 12737
—12744.

Retrieved from https://encyclopedia.pub/entry/history/show/14737



