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Motivation – Light-matter interaction

Firefly during 

mating time 

https://hu.khanacademy.org/

Polymerisation

https://www.edmundoptics.com/

https://fizipedia.bme.hu/

https://anapfenyillata.hu/
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Localized Surface Plasmons and their resonance

Ahmad, W. et al 2025 Nanomaterials 15(12), 943.

The geometry of the 

nanoparticles affects the 

resonance wavelength

Mcoyi, M.P.  et al 2025 Plasmonics20, 5481–5520.

𝝀 > 𝒅

Vincenzo Amendola et al 2017 J. Phys.: Condens. Matter 29 203002.

Nanoparticles

Au  Ag  Pt

Drude model for metals

• Condaction electrons handeled 

as charged free gas particles

• Electrons collisions with ion 

lattice causing losses 

• Analytical form for illumination 

frequency dependece of the 

dielectric function.

The medium affect the resonance 

wavelength

𝜆𝑚𝑎𝑥 =
𝜆𝑝

2𝑛𝑚
2 + 1

Resonance wavelength of the electron plasma

Refractive index of surraounding dielectric environment

25 x 35 nm 25 x 85 nm

Au Au
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Au0 Au2 Au2 OFF

Experiment Illumination 

direction

Illuminations by femtosecond

single laser pulses

795 nm / 825 nm

42 fs / 12 fs -120 fs

1 mJ-25 mJ / 25 mJ

45

UDMA –TEGDMA polimer

(C23H38N2O8 + C14H22O6) 

+
Plasmonic gold nanorods 

Rezonant (25 x 85 nm) – Au1, Au2

  Non rezonant (25 x 35 nm) – Au2 OFF

A.Bonyar at al. Int. J. Mol. Sci. 2022, 23, 13575.

Plume
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Pulse length dependence 

25 mJ

Morphology studies - White light interferometry
Studied 

parameters
• Diameter

• Depth

• Roughness 

• Volume

Intensity dependence 

Nagyné Szokol, Á. et al., Eur. Phys. J. Spec. Top. (2025) 

Au0 Au2 - Rezonant

10 mJ

𝑆𝑞 =
1

𝐴
න

𝐴

𝑧2 𝑥, 𝑦 𝑑𝑥 𝑑𝑦 𝑆𝑎 =
1

𝐴
න

𝐴

𝑧(𝑥, 𝑦) 𝑑𝑥 𝑑𝑦

27,7 mJ / Au0 25 mJ / Au2

Energy dependence 

Á.N.Szokol talk at 11th Int. Conf. on New Frontiers in Physics 2022, 

Kolymbari, Crete, Greece, 7th Sept. 2022.
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Structural changes – Raman-spectroscopy

Degree of conversion
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UDMA-TEGDMA + Au0, Pulse energy: 25 mJ
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𝐷𝐶 = 1 −

𝐼1640
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Summary

Laser-matter interactions play a significant role in our daily lives. I 
introduced the localised surface plasmons. We saw how the plasmonic 
nanoparticles geometry and the surrounding media affect their resonance 
wavelength.

I reported about an experiment, where UDMA-TEGDMA polymer 
embedded with plasmonic gold nanorods was illuminated by single 
femtosecond laser pulses and craters were created. 

I studied the crater’s morphology changes depending on the energy, on 
the intensity and on the pulse duration. 

Structural changes were studied by Raman-spectroscopy. 

The differences in the morphology and structure prove the effect of 
plasmonic gold nanorods.
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Thank you for your attention
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