Laser-Assisted Nanotechnology

•

  Non-toxic, bio-compatible• Environment friendly Laser allow -Control over NP properties -Scaling-up possibilities -Possibility to create stable ultrastructures, nanoalloys, hybrids, etc. -Additional laser-particle and lasernanocomposite interactions to produce new properties (sizes, colors, optomagnetic properties, etc.). In gas or in vacuum with different geometry In liquids or in the precence of a heating of the matter/liquid near NP plasma-mediated nanobubbles NP heating, heat transfer to the ambient medium thermo-mediated nanobubbles NP melting, reshaping, sintering, evaporation Electron ejection, injection in the ambient NP fragmentation Lachaine et al.Photonics (2013) Hashimoto et al. J. PhotChem&PhotBiology (2012) Strasser et al, . J. Phys.Chem. C 118, 25748 (2014) (a) plume Laser Decomposition of the ablated material after pulsed laser irradiation and additional NP's fragmentation (collab. with L. Zhigilei) 6 TE Itina, LV Zhigilei, BJ Garrison The Journal of Physical Chemistry B, 106(2), 303, 2002 T.E. Itina, L. V. Zhigilei, B.J. Garrison, Nuclear Instruments and Methods in Physics Research Section B, 180(1-4), 238-244, 2001 R=50 , absorbed energy e=0.6 eV/mol R=150 , absorbed energy e=0.6 eV/mol. Red -Gold NPs in for water Black -Gold NPs in vacuum Absorption coefficient / efficiency Gold NPs in water for different wavelength @300-800nm peak in absorption at R=R*~30 nm for Au NP in water peak position is shifted to larger R=R* if wavelength rises distribution of gold NPs in before and after laser treatment. (b)Calculated absorption efficiency of the nanocomposite based on TiO2 as a function of the diameter of gold NPs (c) Calculated fileld distribution of gold nanoparticles in TiO2 (n=1.6) for spheres with the diameters of 50 and 90 nm. (d) SEM images of the NPs produced in LS mode (F = 57 mJ/cm2, Vsc = 0:16 mm/s).At the beginning, the matrix is solid

  

  

  

  

  

  

  

  

  

Here, additionally includes electron photo-emission.

It is important to account for collective heating of NP ensemble with bimodal size distribution, for electron photoemission from nanoparticles and free carrier generation in titanium dioxide to reach the damage conditions
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Summary and Conclusions

• Laser is a very powerful and versatile tool, which is particularly suitable for many applications in the modern nanotechnology.

• Particle size, composition, geometry, environment, absorption and scattering, heating/cooling protocols strongly affect the results of laser interactions.

-NPs of smaller sizes easily melt and evaporate, while larger NPs behave more like bulk material, so that thermo-mechanical fragmentation of over-heated material plays a role in their fragmentation. Phase diagrams of NPs smaller than ~30-100 nm should account for NP's size.

-Fragmentation threshold of alloy nanoparticle strongly depends on the material properties and composition.

• Optical properties are strongly related to size and distribution of NPs after laser treatment, are controlled by laser processing parameters.