Smart Nanomaterials

"Smart" materials-materials that respond to a stimulus or their environment to produce a dynamic and reversible change in critical properties-have enabled progress in many areas, including display technologies, drug delivery, and selfhealing materials for coating applications, among others.
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Zeeman Alignment and Dipolar Assembly of Magnetic Nanoparticles

The combination of magnetic and plasmonic materials and their nanostructuring have revealed a prominent pathway to develop novel photonic materials for the active control of the light polarization using a magnetic field. routine that corrects n, k for small particles (mean free path) Haiss et al. Analytical Chemistry, Vol. 79, No. 11 (2007) ok for size NP >5nm 

  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 Physics of Laser Interactions Laser-induced nanoparticle formation • Green synthesis methods, biocompatibility • Control over NP properties • Scaling-up possibilities • Possibility to create stable ultrastructures, nanoalloys, hybrids, etc. • Additional laser-particle interactions involve many physical and chemical processes In gas or in vacuum with different geometry In liquids or in the precence of a Process can be at T-> Tc Difficult to model by classical methods pico T. E. Itina, L. V. Zhigilei, B. J. Garrison, J. Phys. Chem.B , 106, 303-310 (2002) Short (ps) and ultra-short (fs) laser pulses ps, F ~ 2 Fth, 4010 nm, t =1 ns Collaboration with L.V. Zhigilei et al. (Virginia State University, USA) Practically all the molten material is ablated Labl ~ L0 ln(Fabs/F0), E>Eb . Itina, L. V. Zhigilei, B. J. Garrison The Journal of Physical Chemistry B 106 (2), 303-310 (2002) Laser Interactions with Nanoparticles Laser pulse Propagation, absorption, 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 (the medium. At 400 nm, passage from liquid water to water vapor goes with a drop in absorption. Absorption at 400 nm in liquid water raises with the particle radius (not linear) , absorption cross section σ ext , σ scat , σ abs A generalized multiparticle Mie-solution: further experimental verification Yu-lin Xu et al. FDTD, EM FEM, DDSCAT, etc..
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  Bohren-Huffman Mie scattering subroutine (callbhmie.f) Generalized Multiparticle Mie-solution (gmm01f.f) based on

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Bimetal CuFe Nanoparticles: Synthesis and Electro-catalytic Activity Electro-Catalytic Activity of CuFe Nanoparticles
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Ultra-short Laser-induced NP sintering, Janus NPs Sintering of a larger metallic Janus NPs with different sizes upon rather weak laser heating
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Thank you very much!

Just published:

"Alternative local melting-solidification of suspended nanoparticles for heterostructure formation enabled by pulsed laser irradiation" Advanced Functional Materials 2023.