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Laser irradiation-induced phase transition in titanium dioxide films
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ARTICLE INFO ABSTRACT

Keywords: The oxidation of titanium substrates in the air under laser irradiation is investigated. The experimental dependence of
Titanium dioxide TiO, layer thickness on the number of laser pulses is subjected to the comprehensive analysis. The prevailing chemical
Phase transition and physical processes on the substrate surface and in the near-surface layer are determined. It is found that the laser
Laser irradiation

irradiation drives the surface-energy induced mixing in the near-surface layer of titanium substrates. The mixing rate
sharply depends on temperature. This allowed to detect the exothermic phase transition from anatase to rutile in the
titanium dioxide films using ex-situ experimental measurements.

Video and Presentation to this article can be found online at https://doi.
org/10.1016/j.sctalk.2023.100187.

Figures

Fig. 1. At standard conditions, titanium dioxide is found in three different phases: a) anatase; b) rutile; ¢) brookite. Magnification is the same.
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Fig. 2. The structures of rutile and anatase crystals [1]. The tetragonal bulk unit cell of rutile has the dimensions, a = b = 4.587 A, ¢ = 2.953 A, and the one of anatase a =

b = 3.782A, ¢ = 9.502 A.
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Fig. 3. Artist's impression of the surface-energy induced mixing at the macroscale.
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Fig. 4. The experimental [2] and theoretical dependences of TiO,, film thickness on the number of laser pulses.
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Fig. 5. The comparison of standard and kinetic analysis methods to calculate dependence of the relative oxidation rate on the number of laser pulses.
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Fig. 6. The dependence of kinetic temperature of TiO, film on the number of laser pulses. The effective time of single pulse is 6 ns. The value of mixing activation energy is
estimated from scanning tunneling microscopy measurements of the considered system [3].
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Fig. 7. The changes in kinetic temperature versus the mixing activation energy at three different effective times of single pulse.
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