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Plasmonic nanostructures offer unique opportunities to enhance light-matter interactions at
the nanoscale, with significant implications for analytical techniques such as Laser-Induced
Breakdown Spectroscopy (LIBS) [1]. To elucidate the role of localized surface plasmon
resonances (LSPR) in signal amplification, we performed comprehensive numerical Finite-
Difference Time-Domain (FDTD) [2] simulations of a 10 nm diameter silver (Ag) nanosphere
on a dispersive plasma substrate modelled via the Drude formalism (ex = 1, @, = 1.37x10'¢
rad/s eV, y=3.34x10" rad/s).

A Total-Field-Scattered-Field (TFSF) plane-wave source and perfectly matched layer (PML)
boundaries ensured precise excitation and absorption of electromagnetic fields, while a finely
resolved local mesh (0.25 nm) around the nanoparticle and an extended substrate thickness (5
num) effectively suppressed numerical artefacts [3]. We systematically studied both the near-
field electric-field enhancement and the extinction cross-section as a function of the distance
between the substrate and the Nanoparticle, moving this latter from 0 nm (contact with the
substrate) up to 5 nm over the substrate.

91.3
0,0007 —5nm
4,4 nm 76.1
0.0006 4 38nm ~
(o)
33nm &
0,0005 s hm 60.9
— 2,2 nm 8
0,0004 - 1.7nm X 45.7
—1,1nm ~
00003 1 —o05mm £ 306
0,0002 : pom N
’ 154
0,0001
0.213
0,0000
T T T T T T
300 400 500 600 700 800
wavelength(nm) x(m) (x107-9)

Figure 1: a) Calculated Extinction cross section of AgNPs on Plasma substrate with increasing gap
b) Near Field at the interface AgNPs-Plasma with a gap of 1.7 nm

In Figure 1, the computed extinction spectrum reveals a dominant dipolar LSPR peak at ~ 380
nm due to the plasmon resonance of silver spherical nanoparticle and a secondary multipolar
feature near 550 nm arising from particle-substrate coupling. Such coupling is also shown in
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the field-enhancement maps (Fig. 1b), which highlight a pronounced hot-spot in the gap
region. In conclusion, Near-field amplification induced by the LSPR concentrates
electromagnetic energy at the nanoparticle-substrate interface may lead to more efficient
ablation and increased emission intensity of adsorbed species. These simulations provide a
mechanistic foundation for the experimentally observed enhancement of LIBS signals when
Ag nanoparticles are deposited on the measurement substrate.

Acknowledgements:

-PRIN 2022 LANCIA.

-PRINN PNRR 2022 ELATED

-MUR-PNRR project SAMOTHRACE (ECS00000022)

-PON project Bionanotech Research and Innovation Tower (BRIT)

References:

[1] De Giacomo, A.; Dell’Aglio, M.; De Pascale, O.; Fantoni, R. Nanoparticle-Enhanced Laser-
Induced Breakdown Spectroscopy (NELIBS) for Metal Analysis. J. Anal. At. Spectrom. 2013, 28,
835-839.

[2] Devaraj, V.; Lee, ].-M.; Oh, J.-W. Distinguishable Plasmonic Nanoparticle and Gap Mode
Properties in a Silver Nanoparticle on a Gold Film System Using Three-Dimensional FDTD
Simulations. Nanomaterials 2018, 8 (8), 582.

[3] Taflove, A.; Hagness, S. C. Computational Electrodynamics: The Finite-Difference Time-Domain
Method, 3rd ed.; Artech House: Boston, 2005.



