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Figure 1 (Color online) Electronic band structure (a), density of states (DOS) (b), and phonon dispersion (c) of rutile-TiO,. The color dots in (a) and

(c) represent the corresponding electron-phonon coupling.
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Figure 2 (Color online) Relaxation of hot electron excited at low energy. (a) Energy relaxation of the hot electron. The color bar represents the
normalized electron distribution in different energy states, and the blue line represents the average electron energy. (b) Snapshots of electronic
population at different energy bands along the high symmetry line M-I'-X-M in the Brillouin zone. (c) Hot electron population snapshots at different

times of a two-dimensional section of the Brillouin zone at z = 0.
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Figure 3 (Color online) Phonon excitation during relaxation after the excitation at low energy. (a), (b) The time evolution of instantaneous phonon
excitation energy AE, () and phonon excitation number AQ,(?) for different phonon branches. (¢), (d) The time evolution of phonon excitation energy
accumulation E,(f) and phonon excitation number accumulation Q,(¢) for different phonon branches. (e), (f) Accumulates snapshots of the phonon
excitation number Q,(?) in the phonon dispersion spectrum of 0, 9, 25, 70, 100, and 150 fs.
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Figure 4 (Color online) Relaxation of hot electron excited at high energy. (a) Energy relaxation of the hot electron. The color bar represents the
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Figure 5 (Color online) Phonon excitation during relaxation after the excitation at high energy. (a), (b) The time evolution of instantaneous phonon
excitation energy AE,(f) and phonon excitation number AQ,(¢) for different phonon branches. (c), (d) The time evolution of phonon excitation energy
accumulation E,(f) and phonon excitation number accumulation Q,(¢) for different phonon branches. (¢), (f) Accumulates snapshots of the phonon
excitation number Q,(?) in the phonon dispersion spectrum of 0, 15, 25, 70, 200, and 300 fs.
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In the process of solar energy conversion, the dynamics of excited hot carriers are crucial in determining the efficiency of
energy transfer. We investigated hot electron relaxation in rutile TiO, using the non-adiabatic molecular dynamics in
momentum space (NAMD k) method. In this study, we choose hot electrons with two different initial energies (£;,; =
0.64 eV and E;,; = 2.75 eV), each with momentum located at the I" point, to study their relaxation dynamics. The results
show that the hot electron relaxation process mainly involves two stages: (1) First, the hot electrons are scattered to the
iso-energy surface within the first Brillouin zone, forming the hot electron ensemble, which can be understood as the
momentum relaxation process. For E;,; = 0.64 eV and E,,; = 2.75 eV, the momentum relaxation ranges from 15 to 25 fs.
(2) Subsequently, the hot electron ensemble as a whole gradually relaxes to the conduction band minimum which can be
understood as the energy relaxation process. Here, the energy relaxation time of E;,; = 0.64 eV and E,,; = 2.75 eV are 39
and 97 fs, respectively. During the hot electron relaxation, energy is transferred to the TiO, lattice through electron-
phonon coupling. As an ionic crystal, Frohlich type electron-phonon coupling plays a key role in the hot electron
relaxation, causing most of the energy of the hot electrons to be transferred to the A, phonons, which corresponds to the
Ti—O stretching longitudinal optical phonon. Our study provides new physical insights for understanding the hot electron
relaxation and energy conversion processes in rutile TiO,.

first principles calculations, electron-phonon coupling, hot electron relaxation, non-adiabatic molecular dynamics
in momentum space
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