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Surface plasmon resonance in metallic nanoparticles is highly and shape dependent, which enables varius applications in photovoltaics, photonics, sensing and even medicine.
Particularly we observe redshift in plasmon resonance with increasing nanoparticle size. We investigate nanoparticle size influence on plasmon resonance within theoretical and

numerical approach and compare results with experimental data.

Problem definition and assumptions

a. metallic nanoparticle with radius a located in dielectric media and In
electromagnetic field

b. Random phase approximation - jellium model - uniform positive ions field with free electron gas,

electron oscillations induce electromagnetic field outside particle

c. In case of radius << incident wavelength only dipole type excitation occurs
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Calculated parameters:

presence of dynamic - extinction cross section

Qecs = QSCS + Qa.bs
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E... is far field component of electromagnetic field (calculated on the boundary of PML
and surrounding media), E; - incident electromagnetic field and U_, - resistive heat

losses in nano-particle.
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Mathematical description:

electron density oscillations: two types of excitations
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for A>>a - only dipole type surface plasmon occur

5p(r. 1) = 0.r < a,
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corresponding dipole Surface plasmon oscillation equation
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Dissipation chanels

radiative losses - Lorentz Friction
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Effective attenuation rate as function of nano-sphere radius a. Two
regimes: for small particles with a < 12 nm dominate scattering
damping and effective attenuation rate scales as 1/a, for large
particles a > 12 nm dominate radiative losses and effective attenuation
rate scales as a°.

Numerical calculation method

- Finite Element Method

- Software: COMSOL Multiphysics® 4.3 with RF Module
- Classical electrodynamics equations

- plasmon effects modeled via dielectric function of metal
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Schematic view on system geometry a and generated mesh b.

Experiment
- measurement of extinction spectra of colloidal solutions of Au nanoparticles in range
10-75 nm.
Yim(£2 : :
1_”"( ) | Results and discussion
spherical function
a b
Qim Extinction spectra of Au nanoparticles
dipole type function 15 —
(I,m-angular momentum n.) 16 ~ 145

20
— 20
30
— 40
s R
— 15

- 14
01,1(” — \/%CHU) : 12_-
. 104
Qi _1(t) = \/g%/(t)
Qio(t) = \/g(k(t)

Wp bulk plasmon freq.

Intensity (a.u.)

O N B O @
||_||||||

W1 Mie plasmon freq. 00 450 500 550 600 650 700 750 800 850 900

-

-—

a=20 a=30 4
3,5

3 F

.

25 s

(11

©

a=100 a=200 |2 3¢

15 S

%-

S

©

=
o

Wy = (Up/\/§ Wavelength [nm] °
a - Measured extinction spectra for gold nano-spheres. Visible redshift with increase of
radius. In case of small (< 30 nm) and large (> 50 nm) particles we observe decrease in
plasmon resonance intensity due to attenuation. Additionaly for radiuses larger then 50
nm we observe additional peak, which could be connected with bulk plasmon modes.
perturbative b - Electric field distribution around Au nano-spheres with different radii upon
approximation illumination with light of wavelength 400 nm. We observe dipole typeexcitations for
('33q(t) small radii and higher modes for radii larger then 50 nm, whichshows that dipole
5¢3 approximation is not applicable.
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Comparison of numerical and theoretical predictions to plasmon resonance redshift
driven by nano-sphere radius for Au particles with experimental data. For small radii (10 -
20 nm) change resonance wavelength is relatively small, then we observe increase in
redshift speed (20-60 nm) and stabilization (>60 nm).This behavior is strictly connected

with effective attenuation rate of plasmon oscillations.
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