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Low-frequency Raman scattering
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Free vibrations of nanoparticles

Eigenvibrations
1D – string 3D – sphere

quadrupolar
spheroidal, ℓ “ 2

breathing
spheroidal, ℓ “ 0

Vibration frequency

frequency 9
1

diameter
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Monodomain Au nanorods ACS Nano 2020

Synthesis: H. Portalès & N. Goubet (MONARIS)
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Inelastic light scattering spectra ACS Nano 2020

Experiments: H. Portalès (MONARIS), J. Margueritat (ILM)

Tandem Fabry-Pérot interferometer, λ “ 647 nm
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Plotting frequency vs length and diameter ACS Nano 2020

§ size Á few nm ñ continuum elasticity ñ frequency 9 1
size

§ nanorod: frequency = f(diameter,length)
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Inelastic light scattering spectra ACS Nano 2020
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Tandem Fabry-Pérot interferometer, λ “ 647 nm
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Inelastic light scattering spectra ACS Nano 2020
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Tandem Fabry-Pérot interferometer, λ “ 647 nm
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Nanowires PRB 2018

Nanowires
isotropic Au, d=10 nm
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Nanowires
isotropic Au, d=10 nm
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cubic Au, d=10 nm
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Nanowires
isotropic Au, d=10 nm
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Assignment of the peaks II ACS Nano 2020

Raman

+
m “ 3, 4, ¨ ¨ ¨
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Assignment of the peaks II ACS Nano 2020
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Nanocubes JPCC 2022

Single Au nanocubes

Experiments: M. M. Timm, J. Margueritat (ILM)
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Single Au nanocubes
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Nanocubes JPCC 2022

Shape used for the calculations

§ FEM with 3D tomography Ñ

§ RUS with superquadrics: |x |n ` |y |n ` |z |n “ Rn
Nanomaterials 2021

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

octahedron sphere cube
∞

§ take advantage of cubic symmetry (Oh)
§ fast (web application) https://saviot.cnrs.fr/rus/cubic/index.en.html
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Nanocubes JPCC 2022

Eg-T2g and shape https://saviot.cnrs.fr/rus/cubic/index.en.html#ir=Eg&nq=2
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Nanocubes JPCC 2022
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Nanocubes JPCC 2022

Do the Raman selection rules apply?
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Nanocubes

Ensemble measurements – Ag nanocubes ACS Nano 2023

C. Vernier, H. Portalès, Y. Fan, A. Courty (MONARIS)

27/30



Nanocubes
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Conclusion

Does shape matter?

§ Elastic anisotropy matters even more
§ “breathing” and “quadrupolar”

§ nanoparticles: frequency ˆ
3

?
V „ constant

§ nanowires: frequency ˆ
?
S „ constant

Perspectives

§ more single particle measurements

§ calculation of intensities

Ñ assessing the electric field inside the NPs
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