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Properties of MXene and its synthesis methods

Tayyebeh Mohebbi', Majid Mirzaee*', Masoud Hamdanian**

1- Ph.D Student, Chemistry Department, Kashan university, Kashan, Iran
2- Assistant professor, Non-metallic Materials Research Group, Niroo Research Institute, Tehran, Iran
3- Associate Professor, Chemistry Department, Kashan university, Kashan, Iran

Since the discovery of Ti,C, MXene in 2011, continuous research has been

carried out in the development of new MAX phases and the extraction of
MXene from them. MXene has a series of exceptional properties due to its unique structure,
excellent hydrophilicity, and conductivity of adjustable surface chemical functional groups.
In this paper, a comprehensive review of the etchants widely used for the etching of A
element from MAX phases leading to the formation of Maxene is also discussed. Similar to
other 2D materials, due to strong van der Waals forces, MXene layers inevitably undergo stacking,
leading to a severe loss of electrochemically active sites. If the accumulation of MXene layers
can be prevented effectively, their electrochemical performance will increase. Therefore, in
the next part of the article, the compounds that lead to an increase in the distance between the
MXene layers are introduced, and finally the surface terminals such as -O, -OH, -F groups in
MXene, which significantly affect their properties, are presented.
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Figurel. The periodic table that shows the composition of Max and Mxene phases. Light blue elements represent Mxenes
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that have not yet been experimentally confirmed. Schematics of three typical Maxen structures are presented below [10].
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stability and applications (energy storage, sensors, electromagnetic shielding, biological detection) [13].
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of hydrogen bonds and separation of nanosheets after ultrasonication in methanol. The three-dimensional physical structure of Max phase

i

and the corresponding three-dimensional physical structure of Mxene [47]. (b) Chemical synthesis of mxene clay and electrode preparation

[48]. (c) Mxene film synthesized by epitaxy. Schematic diagram of magnet sputtering for deposition of Ti,AIC, phase on a support substrate. "1

Atomic structure of Ti,C, Mxene film after selective removal of Al layer. It shows that the colors of Ti, C, O and H are yellow, black, red ";;g

and white [49]. (d) Schematic of Pt/e-TAC catalyst formation, position of metals in the structure, and HRTEM of Pt/e-TAC[50]. j)
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Tablel. Various factors for the interlayer penetration of Mxene Ti,C, T, compound [69].

Type of interlayer Interlayer penetration | C parameter (angstrom)
penetration ARl
HO 23.4
2

molecular DMSO 3.0
K 25.4
cationic + 25.3

NH,
organic N,H,.H,O 25.5
alkaline urea 25.0
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Table2. Different methods of exfoliation of Ti,C,T, Mxene [69].
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Figure9. Schematic for the Mxene exfoliation process by reacting the Mxenes with an organic base solution causing the multilayered

Mxene powder (pictured bottom left) to swell significantly. Then, with simple hand shaking or gentle ultrasonication in the water, the

layers delaminate to form a stable colloidal solution (right). A typical SEM image of the as-synthesized Ti,CNT multilayer mexene is

shown on the top left.
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Figurel0. Mxene tree growth, nutrient absorption by roots (graphene research, Mxene improvement, designability, low cost and large

scale), the tree is full of fruit (catalysts, ion sieves, topological insulators and hydrogen evolution reactions) [79].
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Figurell. Challenges and prospects of Mxene materials in future energy storage include (a) preparation and precise synthesis of Mxene

materials thin film. (b) improved optimization of materials including intercalation, doping, etc. (c) energy storage of natural resources

with high capacity and (d) flexible and wearable electronic devices [79].
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