involve: • Energy propagation, electronic excitation, light scattering, reflection and absorption • Electron-phonon relaxation, heat diffusion, pressure wave propagation, rarefaction and tensile stress, phase transitions, mechanical fragmentation • Materal removal (ablation), plasma plume expansion, reactions, clustering, etc… • Often multi-pulse irradiation is used with various scanning and focusing conditions , local field enhancement Local ionization and heating of the matter/liquid near NP plasma-mediated nanobubbles NP heating, heat transfer to the ambient medium thermo-mediated nanobubbles NP heating, 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) 4 5 R=50 Å, absorbed energy e=0.6 eV/mol R=150 Å, absorbed energy e=0.6 eV/mol. et al., AlCheE 2015 K. Zarschler et al. Nanomed-Nanotechnol 12, 1663-1701 (2016). and T.E. Itina J. Phys. Chem. C 119 (24), 13893 (2015) Alloy AuCo NP, R=40 uc rapid heating above Tc Simulations starts from the fragmentation results, additional fragmentation takes place AuCo, Au NP R = 40 un, rapidly heated up to 1700 gel mesoporous films are prepared and impregnated by saults -these samples are then irradiated by laser Ion-impregnated porous glasses and semiconductors can be used as samples for following laser-induced nano-structuring

  

  

  

  

  

Au NPs in TiO2 under Ultra-Short Laser Irradiation 

Summary and Conclusions

• Laser is a very powerful and versatile tool suitable not only for laser ablation but also for nanoparticle synthesis.

• Particle size, composition, geometry, atomic masses, binding energies, excess energy, environment, heating/cooling protocol 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 their composition (excess energy).

-When different nanoparticles interact they may either sinter, mix or even be fragmented depending on their sizes and heating/cooling rate. To reach alloying without fragmentation NP should not be over-heated.

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