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Outline

BmPrinciple of surface-enhanced Raman spectroscopy
for surface analysis of materials

BMFeatures of hybrid structure with gold nanoparticle
aggregates electromagnetically coupled with a flat
metal surface

BSome tricks for the COMSOL simulation of nano-
optics.



Everything is surface and interface
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Discovery of SERS

l_l_\

1974 1977

v ¥

ol

1988 1991 1994 1997 2000

(I

2T

= \‘56?“% N 6"'%‘?0: o oo
S

S
2003 2010, 11 2013, 14

1 MM

[ |
D e o o o LT
2005 2010 2015

A

Slelarew S[ela1eW
Buieo2IaAD BANIY-SYIS

S|eliarew
pagJinyiadun

1980

High-active:
Ag, Au, Cu,

1985 1990 1995 2000

Li, Na, K, In, Al

Weak-active:
Pt, Fe, Co, Ni, Ru, Rh Pd

Ni, Co, Fe, Pt, Pd, Rh,

Si0,, AlL,O;, MnO,, TiO,

Graphene

Graphene, Si, h-BN, etc.
CdS, Ge, Si nanowire,
BaTiO; nanorod
bio-membrane, etc.

Polymers
GaAs, Si Liquid crystals, carbon
nanotube, geological
materials, pigments and
pottery
~ 1,600 ~ 5,300



Materials are hard to be squeezed into hotspot in nanogap!

Any new concept of hotspot for surface analysis of materials?

Single nanostructures * a

e. NPs aggregate and oligomer

SERS enhancement (log,,G)

h. Nanoheptamer and nanopyramid



The 3" generation hotspots generated by hybrid
structures with nanostructures and probe materials
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Ding, Vi, Li, et al, Nat. Rev. Mater. 2016, 1, 16021.
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Fano-resonance Plasmon-enhanced Raman
Scattering of nanospheres-Flat Surface Systems ?
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Fano Resonance: Coupled dipole of Nanoparticles induce the imaginary dipole
on the metal or dielectric surfaces, to form a magnetic-dipole-like mode. It is the
plasmonic dark mode with less irradiative efficiency, but with strong near field.



SHINERS works on single crystal surfaces of

different materials beyond Au, Ag, Cu metals
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SHINERS of SI-H
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(a) Si(111) treated with
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with 30% HF solution,
(c) treated with O,
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Li et al, Nature 464, 392-395 (2010); Ding, Yi and Tian, Surf. Sci., 631 (2015) 73-80.
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There Is always a node line underneath a
single particle on a flat metal surface
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Extinction

PERS ‘hot domain’?
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55nm AuNP, d(NP-NP) = 4 nm, d(NP-AuSurf)= 2 nm




PERS ‘hot domain’?
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Hot domains created by AuNS- on a flat Au
surface
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Good directional receiving and
emission of AUNPs-Au surfaces
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Conclusion

BCOMSOL is very useful for the design of novel
nanostructures for surface-enhanced Raman
spectroscopies

B Care should be taken for evaluation of near-field on
the surface of nanostructures

W Tricks on the simulation of a point dipolar source.
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