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Outlook of today’s presentation
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Basics of LAL (*)

Mirror
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Pulsed Laser

Q Liquid medium
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* Simple synthesis technique
* Usually with non reproducible results when you run it for
the first times

— a

Ablation cell

From Shaheen, 2025

Use of laser beams to generate a dispersion of NPs in a liquid environment

(*) LAL = LASIS (Laser Ablation Synthesis in Solution)
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Key historical developments in LAL T

15000
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Experimental setup at LPMO
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Why LASER ablation ?

e Optical properties of plasmonic nanocomposites

e Usually : bottom-up approach for NP synthesis

 But: LAL provides top-down ways of producing
NPs

* Plasmonic nanocomposites : interesting for their
linear and non-linear optical properties (3rd
order susceptibility)

Université de Mons



Multiple facets of LAL

LAL
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in Liquid
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Benefits of LAL

THE HONEYCOMB OF BENEFITS
IN LASER SYNTHESIS OF COLLOIDS

pune @

NANOCRYSTALS
a PLUGPLAY @
SELF-STANDING

REMOTE-CONTROL

AND PRESSURE

GREEN: Sun
NO CHEMICALS g (NOT INHALABLE)

UMI’I’ED WASTE

D oen KO O

G-O.

= EFFECTIVE

o O O

Extremely pure and stable colloids
(ligand free, uncoated surface, no
ligands, no chemical precursors, non
chelating agents)

Minimized chemical risks

Large number of components under
the same conditions of temperature
and pressure

Easy way to switch from one process
to another

Large number of compounds and
structures

Chemically improved in terms of
absence of waste

Cost effective but linearly scalable :
productivity linearly scales with both
laser power and time, at constant
liquid flow operation

Amendola et al, 2020




Synthesis of nanomaterials: comparison
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OXIDE NANOSTRUCTURES
GENERATED BY LASER SYNTHESIS

Ag,0, €00, €0,0,, Cu,0, CuO, Fe,0,, Fe,0,, FeO, BifeO,,
Ir0,, Mn0O,, Mn,0,, MoO,, NiO, Sn0,, Rh,0,, TiO,, Y,0,,
Zn0, Z10,, Cu,V,0;, Ag,V, 0y, METi,0;, CoFe,0,, CuFe,0,,

PbZITiO,, Y,2r,0,, Y,2r,0, LaMnO;, YVO,:Eu*, La:BaSn O, IN LIQUID
CoOOH, Co(OH),, Cu,CI{OH),, Cu,(NO,)(OH),,
Zn(OH),Cl, H,0, Zng(OH)4(NO,),2H,0, NiFeOH,,
Cu-Cu,0, Fe-FeMn,0,, FeNiC,-Fe0,, AuFe -Fe0,, Mo- Al, 04
H MoO,0H,, TaO,-Ta, 05, Ti0,~Cu0,, Ti0,~FeO,, Ti0,~C, Zn- He Ga0,Ga,0,,
Zn0, W-POC, Fe-POC, Cu,Mo,-POM, GaNoO, GeO,,
U Be Ag/TiO,, Au/TiO,, Au/FeO,, Au/NiO,, PdO/Pd/CNTs, B c N 0 F Ne In,0,,
Mgo PtCo/Co0,, Pt/Fe0,, Pt/Sn0,, Au/ZnO Bi,0,C0,,
BifeO
LiNbO v
3 Na Mg Al | Si P § ClI Ar PbZITIO,,
MgTi,0¢ | ‘ ” ' . AIOOH,
La:BasnO, K Ca Se (' | V Cr|Mn Fe Co | Ni Cu In|Ga| Ge As Se Br Kr In(OH),,
: : M-CO,,
NG, C Ro Sr||Y Zr Nb Mo /Tc Ry Rh | Pd Ag Cd|in Sn Sb Te | Xe MO,-€O,,
Mg(OH), » : $-Si0,, TiO,~C,
Cs Ba lu Hf Ta W Re Os Ir | Pt Au Hg| T |Pb Bi | Po At Rn Pd/GO,
: J Rh/GO
Fr Ra
la Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Tb Legend:
Core-shell: A-B
Ac Th |Pa U Np Pu Am Cm Bk Cf Es Fm Md No Heterostructures: A/B
POC: poly-oxo clusters

POM: poly-oxo metallates

Gd,0;, Ce0,, LINBO,, LiNDO,-C, La:Basn0, LaMnO,YVO, Eu’* GO: graphene oxide




Timeline in LAL : a multiple steps process

ARaerigh-Mie scattering & Raman

‘Plasma imaging & spectroscopy’ 2 LIF & SAXS & XR radiography

~ Pump-probe microscopy i Shadowgraphy & acoustic signals .
10 fs 100 ps 1ns 10 ns 100 ns 1 us 10 ys 100 ps 1 ms i
l | ! " abls
liquid electrons Matter removal: : : T | s ‘
(., phonons plasma plume Optically active plasma Vapor bubble l;ebounds * ©, Colloid
- L AR y.
Phase transition v Y Collapse i
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| » : — i
_— - .
‘Plasma~~  Lmm — 4

 Liquid must be transparent and liquid breakdown avoided at the fluence
of the experiment (challenging due to self focusing and filamentation
effects)




A more complex scheme for LAL ...

laser pulse —»

Focusing lens

Shock Waves

‘.
'

5.1 Expelled molten
/ material

Recoil Pressure

<10fs

10-100 fs

> 10 ps

Formation of self-organized
structures

( Light absorption and electron heating) B

C )

Thermal conduction via electrons

Electron-phonon coupling
Lattice heating

Electron-lattice thermal equilibriu

Phase explosion
Spallation
Fragmentation
Synthesis of ablated
structures

Electron relaxation

Cold ablation

Quenching
Solidification of materials
Plastic deformation

Multiple phenomena occuring is a very shot period of time

(Shaheen, 2025)




Variety of ablation cells
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Target morphology after multiple LASER impacts

(Huang, 2019)
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Some factors controlling the productivity

Laser wavelength
A B c low colloidal concentration
° 2
=
S [ medium cotoidal concensaion
lve i E_ hag’h colloidal concentration
W wavelength 'R

Laser fluence

fluence

productivity M

The ablation rate is higher
when using low
wavelengths as long as no
NPs synthesized by previous
pulses are present

High laser fluence, short
pulse duration and high
repetition rate lasers (> kHz,
that is, inter-pulse delay of
< 1 ms) have shown to be
most successful up until
now for productivity to
gram scale




Comparison of LASERs in ablation
processes

more and cheaper high-power
lasers available (i.e. high heat transfer from target to the
ns productivity) liquid
high power at moderate less efficient
repetition rates
gentle ablation’ optical breakdown at high pulse
insignificant heat transfer to ptica ghp
liquid energies
ps : high power at high repetition
compromise between .
- . rates (bubble shielding)
efficiency and productivity/costs .
: . high power more costly than ns
high power systems available
‘gentle ablation’ high power at high repetition
fs very efficient ablation per pulse rates (bubble shielding)
insignificant heat transfer to optical breakdown
liquid high power more costly




Complexity of the products : shape, chemistry

Zn0
(a) water

CuO/Cu,0/Cu

+ Oxidation

- Oxidation




Role of the solvent

«= Target

Solvent |

Acetonitrile

HiC—=N

Dimethyl-
formamide

Tetra-
hydrofuran

Dimethyl-

silsaidde Toluene

CH;

Metal Au/
Graph/te

N T

3

Amendola and Menengetti, 2013



Influence of the solvent on the SPR

* Adhesion from AFM measurements in PS casted films

* SPRin solvents

* Silver target — 6.5 mJ/pulse NdYAG / Fluence: 6.5 103 J/cm?
e A=1064 nm

H,0 ]
THF ——

Toluene

1 ¢+

08

Adhesion
06

04

MNormalized absorbance

| —

350 400 450 500 550 600 650 700
Wavelength (nm)

Quenching of the SPR in TOL
adhesion 600.0 nm Carbonaceous shell

Adhesion

De Muijlder, Voué and Leclere, 2023



Phase diagram

« Path D->W : quasi steady-
state regime( ms, ns) ->
binodal curve (equilibrium
LV)

* Innsregime :temperature
increase induces a rapid
expansion (beyond binodal
curve (K-> M path)

 Metastable states between
binodal and spinodal

Phase diagram density/temperature curves
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Mansour, 2020



Models for fragmentation

Takami’s model : thermal model based on phase transitions
T fusi T g
% Au ( v Au -

Kamat’s model : Coulombian interactions induces NP explosion
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Realtime monitoring the aspect ratio distribution

Parabolic CoIIo'l'da! O Beam blocker
mirror ’ suspension
Quartz l
cuvette
Quartz
lens Light
collector |
Slit w——
Optical
fiber D
- =meS—— |
UV-vis
optical fiber
spectrometer

Dichroic ¢
mirror

(Mansour et al, 2020)




Mansour’s model (2020)

() (b)

/
~, = .V

)

Temperature
—

0 t, ty+t,,
Time

t, Lt

This model takes into account the orientation of the NRs,
radiative and convective losses, and phase transitions of the
NRs.

Evolution of temperature and the transformations in shape and
size of the NRs during laser exposure.

(Mansour et al, 2019)
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Reshaping of Au colloids

(a) Number of pulses (b) Number of pulses
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(Mansour et al, 2021)
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Application to reshaping of silver triangular
nanoprisms

A

A
Seeds 1 2 3 4 5 6 7 8 9 10

¥ “-' .
g_’a

1.2 -
o] B Seeds 1234567 89 10
] | ‘ ‘ ,
8 08l Ll U “ . i 4
308 =y . o, i :
d 06 v g i
2 ]
0.2 % >
0-0 T T T T : mamason § - !  sos
300 400 500 600 700 800 900 1000

Number of pulses ‘

e,

Wavelength / nm

‘ s

K HQ!E




Synthesis of quantum dots

ZnSe QD
(b) (©)
100+ Peak APeak B —— QDMs Abs K
Step 1: FLAM for QDs‘ —— PL under 300 nm
Y ~— PL under 325 nm
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— PL under 365 nm|

]
— -]
0 8
5 s
s 60- -y
3
40_ L
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= Ar(in) £ ] [ E
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. < ol L 8
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e

Horoz et al, 2012



Ablation of Li-intercalated MoS2
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Ye, 2024



Synthesis of 1D nanomaterials

Laser treatment breaks the flakes ( e )
into smaller particles

\
Laser linear electric field aligns
Broken particles bond to form long rods randomly oriented particles at the

— , beam focus

';"4 ”,




Take-Home messages

 LALis a clean production method of NPs

 Widely applied to a very large range of materials
including 2D materials

e Cost effective and upscalable method

e Optical properties of NPs allow to bypass the
TEM/SEM analysis

* Thermodynamics of low dimensionality systems

Globally : an interesting playground ©
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