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Preparation of MXenes and Their Photothermal Properties for
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Abstract: In recent years. transition metal carbides and nitrides (MXenes), as a new type of two-dimensional
materials, have attracted more and more attention due to their unique crystal and structural characteristics, es-
pecially in the fields of energy, catalysis and biomedicine. The unique crystal structure and surface properties of
MXenes endow them with excellent electronic, optical, magnetic and other physical and chemical properties.
Moreover, the large specific surface area and high photothermal conversion efficiency of MXenes make them
widely used in the biomedical field, especially in tumor treatment. In this paper, the synthesis methods and pho-
tothermal properties of MXenes are introduced, as well as the applications and research progress of MXenes’
photothermal properties in cancer therapy. In addition, the potential challenges and prospects of MXenes in
cancer therapy are proposed.
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Figure 1

MZXenes prepared by hydrofluoric acid etching.
(Reprinted with permission from Ref. [16];
Copyright 2012 American Chemical Society)
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Figure 2 SEM images of Ti;C, T, prepared by (a) hydrofluoric acid etching and (b) HCI+ LiF method;

(c) high-angle annular dark-field image and (d) annular bright-field image of multilayer Ti,C, T, ;

(e) schematic description of the atomic structure of Ti;C, T, ; (f) annular dark-field scanning transmission electron

microscopy image of delaminated Ti, C, T, nanosheet. (Reprinted with permission from Ref. [20]; Copyright 2019 Elsevier)
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Figure 3 (a) Schematic diagram of photothermal conversion of MXenes (Reprinted with permission from Ref. [32];
Copyright 2020 Wiley-VCH Verlag) ; (b) Selective absorption process of Ti,C, T,
(Reprinted with permission from Ref. [36]; Copyright 2021 Wiley-Blackwell)
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Figure 4  Application of MXenes in cancer therapy. (a) Schematic illustration of in vivo PPT of MnQO, /Ti,C,-SP composite
nanosheets (Reprinted with permission from Ref. [43]; Copyright 2017 American Chemical Society) ; (b) Schematic illustration of
in vivo PPT of Ta,C,;-SP nanosheets (Reprinted with permission from Ref. [40]; Copyright 2018 Wiley-Blackwell); (¢)
Schematic illustration of in vivo PTT of Nb, C-PVP nanosheets under NIR-1 and NIR-II (Reprinted with permission from
Ref. [41]; Copyright 2017 American Chemical Society); (d) Schematic diagram of PDT; (e) Normalized absorbance of
DPBF in the presence of Ti;C, or Ti,C,-DOX under 808 nm radiation (0.8 Wecm *); (f) UV-visible spectra of Ti,C, nano-
platelets dispersed in water at various concentrations; (g) Schematic illustration of the preparation of Ti,C,-based nano-
platform, and the synergistic PDT/PTT/chemotherapy of tumor (Reprinted with permission from Ref. [48]; Copyright
2017 American Chemical Society); (h) Schematic diagram of the therapeutic function of Ti;C, @ mMSNs-RGD (Reprinted
with permission from Ref. [54]; Copyright 2018 Wiley-Blackwell); (i) Schematic diagram of PTT/chemotherapy com-
bined therapy for tumor
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Figure 5 (a) Schematic illustration of the synthesis of Ti;C,-SP nanosheets and their application in PTT(Reprinted with
permission from Ref. [40]; Copyright 2018 Wiley-Blackwell) ; (b) Schematic illustration of in vivo PTT of Nb,C-PVP
nanosheets under NIR-I and NIR-II (Reprinted with permission from Ref. [41]; Copyright 2017 American Chemical Soci-
ety); (c¢) Schematic illustration of in vivo PTT of MnO, /Ti, C,-SP composite nanosheets. (Reprinted with permission
from Ref. [43]; Copyright 2017 American Chemical Society)
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Figure 6

(a) Schematic diagram of PDT; (b) UV-visible spectra of Ti,C, nanoplatelets dispersed in water at various con-

centrations; (¢) Normalized absorbance of DPBF in the presence of Ti;C, or Ti;C,-DOX under 808 nm radiation (0.8 W~

ecm 2); (d) Detection of intracellular ROS production under 808 nm laser irradiation with DCFH-DA as probe (0.8 We
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*, 10 min). (Reprinted with permission from Ref. [48]; Copyright 2017 American Chemical Society)
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Figure 7 Schematic diagram of the therapeutic function of Ti,C, @ mMSNs-RGD
(Reprinted with permission from Ref. [54]; Copyright 2018 Wiley-Blackwell)
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