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1. SPR in core-shell nanoparticles (nanoshells)

Core-shell nanoparticles with dielectric
core and metal shell — metal nanoshell.
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Plasmonic “invisibility cloak” by core-shell particles

The core-shell NP parameters can be selected to achieve its zero polarizability —
NP becomes invisible:
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Wide spectral range tuning of optical spectra of 3
metal nanoshells
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2. Surface plasmons in non-spherical metal 4
nanoparticles

Unlike to spherical metal NPs, the NPs with non-spherical shape have
several SP-modes. Number of SP-modes is equal to number of non-
equivalent axes of symmetry of NP.
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Variation of the shape parameters of NP allows to tune the plasmonic absorption and
scattering spectra in very wide spectral range.



2.1. Surface plasmons in metal nanorods and
elongated 2-axes ellipsoids

Electrie =
feld e | o=t
|

kB ey
11 f '.TH"‘ Longitudinal
Electron 16 [ \ e
cloud - - 'é" 1.4 - II|I
. w [ |
Metal rod g ! Tm'mr!; » | I'-,
Longitudinal electrons oscillation = ng plasmon band | \
E / II|
06 I".
ol . _ \
0.2 S
o ’ ’ ——
400 500 EOO 704 =] apa 10040 1100
— r:-.‘- - Wavelength (nm)
Electron
cloud
Transverse electrons nscillation
(a) (b)
p = l—e" | | In l+e —1 |—P - geometrical factors of
‘ et 12 1—e P,=P = 2_ symmetry axes of the
nhanorod

¢

\,1 _(i] = ’1 _% - eccentricity of the nanorod R :;_1 - aspect ratio of the nanorod
a §



The nanorod spectrum tuning by variation of its aspect ratio
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The aspect ratio increase causes the large red shift of low-energy longitudinal (L) SP-
mode, while the frequency of high-energy transversal SP-mode almost does not
change.



2.2. Surface plasmons in metal nanodisks and oblate 7
ellipsoids

8
« TF Aspectratio .
Gﬂl <
. BL g
g
o 5} L
L2
£ 4 p
2 B 17 R=— - aspectratio of the nanorod
S a3l | c
(&)
=
E 2 A
1 =
b3 3
Photon energy, eV
g(ff’) T gz (E') 1— P - geometrical factors of
TS { > ( )} 7 B =F > symmetry axes of the

nanodisk

5\ 12 5
g(&')(lf] ,e\ll—[i] = I—Lq - eccentricity of the nanodisk



Absorbance (cm™!)

2.3. Surface plasmons in metal multi-facet nanoparticles
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Conclusion: 9

1. The variation of parameters of core-shell and non-spherical
nanoparticles is very effective and suitable tool for essential
controlable tuning of the absorption and scattering spectra that are
important for the fabrication of plasmon based nanophotonics
devices. '

The images of Ag NPs of various shapes and sizes obtained by dark field microscopy.

2. The metal core-shell nanoparticles are perspective material for the
fabrication of the metamaterials for coatings with invisibility
properties.



3. Surface plasmon coupling in clusters of 10
metal nanoparticles

In clusters containing several metal NPs the coupling of SPs of neighbour NPs leads to
collectivization (hybridization) of SPs. The hybridization is the physical mechanism of
the formation of collective SP-modes of entire cluster.

3.1. Surface plasmon modes in plasmonic dimer
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Plasmonic field distribution in dimer of spherical metal NPs showing the plasmonic
coupling . The strong field (hot spot) appears in the gap between the NPs.



The model of dipole plasmon coupling in plasmonic dimer 11

Dipole polarizability of isolated NP Dipole polarizabilities of dimer
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3.2. Collective surface plasmon modes in periodic 12
linear chain of metal NPs (1D plasmonic crystal)
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Plasmonic dipole of each NP creates the E=E +E -|-Ef,
electric field " |
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The near field is most short-acting one. It dominates at small distances between
the NPs in the chain:
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Formation of two SP-modes in periodic linear chain: L (dipoles are parallel 13
to the chain) and T (dipoles are perpendicular to the chain)
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Electrodynamic coupling between two dipoles at small distances (¢ << A ) when the
SPR oscillations are excited along the axis of the chain.

Electromagnetic coupling between spherical nanoparticles for small distances between the
particles (¢ << A): the SPR oscillations are perpendicular to the axis of the chain.



The electric field of j-th (j=L,T) SP-mode of m-th NP in the location of 14
neighbour (m-1)-th and (m+1)-th NPs:
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Equation of charge motion — equation for particle dipole:
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Solution of equation — damping wave of polarization (plasmon polariton)
propagating along the chain:
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Dispersion relations for L and T-modes:
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Scattering [a.u.]

Plasmonic extinction spectra of linear chain of metal NPs:
dependence on interparticle distance
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Plasmonic extinction spectra of linear chain of metal NPs: 17

dependence on angle of incidence and polarization
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3.3. Collective surface plasmon modes in 2D arrays of metal NPs 18
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Dependence of extinction spectrum of dense 2D array of 110 nm silver NPs
on incidence angle
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Conclusion:

The variation of the interparticle distance in the
clusters of metal nanoparticles as well as
polarization and incidence angle of exciting light
allows an essential controlable tuning of their
absorption and scattering spectra that are
important for the development of new plasmon
based nanophotonics devices.
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