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Modeling of laser-assisted nanoparticle fragmentation, sintering, and alloying

Tailoring magneto-optical properties for medical applications, imaging, water-splitting, etc.

Motivation

A general strategy to synthesize chemically and topologically anisotropic Janus particles Jun-Bing Fan, Science Advances 21, Vol. 3, no. 6 (2017) Why Lasers ?

Laser is a versatile tool that can be used for 

SINGLE NANOPARTICLES heating, melting, structural transformations, evaporation, fragmentation

Laser Interaction with NPs in Liquids

Classical Modeling

Advantages: rather easy equations, estimations of temperatures Limitations: hard to account for electron ejection/injection, etc..

Ultra-Short Laser Interaction with NPs

Non-Equilibrium Electron Sub-system Conduction band (free) electrons model

Quantum mechanical approach (DFT)

EDOS(E) 

n ε = ∫ ε ∞ EDOS(E) . f( E,

Good agreement with experimental results (acrylic spheres)

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 

Au

  Nanomatryoshkas as Efficient Near-Infrared Photothermal Transducers for Cancer Treatment: Benchmarking against Nanoshells, Ciceron Ayala-Orozco et al., ACS Nano 8(6) (2014) Optical properties of multilayer-polyelectrolyte films with incorporated gold nanomaterials (solid nanoparticles and hollow nanoshells) R. W. Day, Materials Science (2009) Motivation Tailoring optical properties: medical applications, imaging, photo-acoustics, photonics, etc. Evolution of the Magnetic and Optical Properties in CocoreAushell and (CoRh)coreAushell Core-Shell Nanoparticles, Junais Habeeb Mokkath The Journal of Physical Chemistry C, (2017)

  α = 4V / a fcc 3 total number of atoms in the particleAu : N therm is the total number of emissible electrons emissible : N therm = α.n εwhere n ε is a number of electrons with kinetic energy that exceeds the work function per atom at an electron temperature of T e n ε = ∫ ε ∞ EDOS(E) . f( E, μ(T e ), T e ) . dE electronic density of states for a broad range of T e chemical potential value depends on T e particles are expected to be fragmented due to classical thermal-mechanical effects.

  Laser interaction with a single Au NP in vacuum T. E. Itina, L. V. Zhigilei, B. J. Garrison The Journal of Physical Chemistry B 106 (2), 303-310 (2002) Ultra-short Laser interaction with a single Au NP in vacuum , absorption cross section σ ext , σ scat , σ abs A generalized multiparticle Mie-solution: further experimental verification Yu-lin Xu et al.

  Mie scattering subroutine (callbhmie.f) Generalized Multiparticle Mie-solution (gmm01f.f) based on Absorption depends of 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 depends on size, composition, separation, etc…

  

  

  

  

  

  

  

  

  

  

  

  

  

to create stable ultra-structures Laser -induced modifications of nanoparticles are promissing for many applications in photonics, medicine, optics, etc.

  

		• formation of nanoparticles
		in vacuum
		in gas
		in liquid
		in a solid
		• modification of nanoparticles
		fragmentation -tailoring of sizes
		sintering -can create nanohybrides and
	1. Green synthesis methods, bio-compatibility 2. Easy control over NP properties	nanocomposites, thus tailoring their optical, magnetic, and acoustic properties
	3. Scaling-up possibilities	
	4. Possibility	

Mechanism of pulse laser interaction with colloidal nanoparticles A. Pyatenko et al., Laser&Phot. Rev.

2013 Typical experiments

  

	Pulsed laser interactions in vacuum and in a gas phase	Laser-induced ablation/fragmentation in liquids

The mechanisms involved are still not enough understood… How modeling can help?

  

Laser-assisted multi-functional nanohybrids fabrication in liquids: see talks by Zhaneta Swiatkowska and by Anton Popov et al. at SECAM 2021 Vincenzo Amendola, Padova, Italy https://doi.org/10.1002/cphc.

202100021 Kinetically Stable Nonequilibrium Gold-Cobalt Alloy Nanoparticles with Magnetic and Plasmonic Properties Laser Interactions with NPs 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 water
	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)

Pustovalov et al.,

LPL (2008) 

Strasser et al, . J.

Phys.Chem. C 118, 25748 (2014) 

E. Goudeli et al., AlCheE 2015

Laser is a very powerful and versatile tool suitable not only for the control over nanoparticle sizes but also for a wide range of manipulations with nano objects involving processes such as melting, reshaping, sintering, mixing, etc.

2. The involved processes are often non-equilibrium and therefore are still hard to be generalized.

3.

Several modeling examples of the processes involved have been demonstrated revealing the role of size, temperature, and composition of nanoparticles, as well as the heating and cooling conditions.

Thank you very much!