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Fig. 1. The crystal structure of Ti;CyO, MXene and the k-point path in the first Brillouin zone.
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Table 1. Lattice constant parameters of different
crystals.
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Fig. 2. Band structure and phonon spectrum of TizCy,0y MXene.
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Fig. 3. Imaginary part of the dielectric function to quantifies the electron transition process: (a) Direct interband electronic transi-

tions; (b) phonon-assisted electron transitions.
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Fig. 4. The relative contribution of interband and phonon-assisted electron transitions, the color bars represent normalized relative

contributions, where red represents phonon-assisted electron transitions, and blue represents interband electron transitions.
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Fig. 5. Energy distribution of hot carriers, generated by direct interband electronic transitions, as a function of plasmon/photon en-
ergies at 300 K (a) and 1100 K (b); generated by phonon-assisted electronic transitions, as a function of plasmon/photon energies at
300 K (c) and 1100 K (d). The longitudinal axis indicates the energy of plasmon/photon; the horizontal axis indicates the energy of
plasmon/photon-generated carriers, where negative values indicate hot holes and positive values indicate hot electrons. The Fermi

level is set to 0 eV. The color bar indicates distribution probabilities of carriers.
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Fig. 6. The lifetime of hot carriers, the horizontal axis indicates the energy of hot carriers, where negative values indicate hot holes

and positive values indicate hot electrons, the Fermi level is set to 0 eV.
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Fig. 7. The mean free path (MFP) of hot carriers, the horizontal axis indicates the energy of hot carriers, where negative values in-

dicate hot holes and positive values indicate hot electrons, the Fermi level is set to 0 eV.
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Fig. 8. The carrier line width generated by electron-electron scattering and electron-phonon scattering. The horizontal axis indi-
cates the energy of hot carriers, where negative values indicate hot holes and positive values indicate hot electrons; the Fermi level
is set to 0 eV.
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Temperature dependence of MXenes plasmons induced
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Abstract

Unlike conventional optoelectronic devices, plasmon-driven optoelectronic devices can efficiently realize
energy conversion and regulate the energy distribution of hot carriers through high-energy, non-equilibrium
“hot” electron-hole pairs (hot carriers) generated by surface plasmon non-radiative decay, thereby presenting
new opportunities for realizing hot carrier optoelectronic devices. As the basis for the practical application of
plasmon optoelectronic devices, searching for plasmon metal materials with exceptional performance has always
been an important topic in the field of hot carrier optoelectronic devices. Currently, MXenes can be synthesized
on a large scale and has excellent photoelectric properties, so it can be used to build a variety of hot carrier
photodetectors with unique structures and functions. Unlike the fixed surface ends of two-dimensional materials
such as graphene, MoS, and borophene, MXenes has an abundance of surface functional groups. However, the
increase of ambient temperature will accelerate the oxidation modification of surface functional groups, thus
affecting the life and performance stability of optoelectronic devices. In view of the inherent limitations of
experimental research on dynamic characteristics of hot carriers at continuous temperatures, we study the
temperature effects on the electronic state distributions and scattering effects by using the theory of multi-body
perturbation and quantum mechanics. Particularly, we introduce temperature effect into interband electron
transition and phonon-assisted electron transition process to obtain temperature dependent dielectric function.
From the perspective of non-radiative decay of surface plasmon, we quantify the hot carrier generation
efficiency, energy distribution and transport characteristics by first principles calculations, in order to
systematically study the ambient temperature dependence of plasmon-induced hot carriers in MXenes. The
results show that the interband transition and the phonon-assisted electron transition in MXenes together
efficiently produce high-energy hot hole-dominated carriers with a long lifetime and transport distance, which is
comparable to borophene. The increase of ambient temperature significantly improves the hot carrier generation
efficiency in the infrared range. Meanwhile, the physical mechanism of hot carrier generation in visible light is
almost unaffected by the increase of ambient temperature, and the generated hot holes show excellent ambient
temperature stability. In addition, the lifetime and transport distance of hot carriers decrease with ambient
temperature increasing, which is mainly due to the enhanced scattering of electrons and optical phonons. The
research results will provide theoretical and data support for quantitatively evaluating the ambient temperature

stability of MXenes plasmon optoelectronic devices in practical environment.
Keywords: MXenes, hot carriers, temperature properties, dielectric function
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