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Outline

Principle of surface-enhanced Raman spectroscopy 
for surface analysis of materials

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

Some tricks for the COMSOL simulation of nano-
optics. 
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Everything is surface and interface

Adhesion          Wear and wetting      Friction

Catalysis               Corrosion     electrochemistry
Handbook of surfaces and interfaces of materials; J. Surf. Interf. Mater. 1, 1-3 (2013).



Second step (G2)First step (G1)

𝐺1~|𝑬𝒍𝒐𝒄 𝜔0 /𝑬𝟎 𝜔0 |2 𝐺2~|𝑬𝒍𝒐𝒄 𝜔𝑅 /𝑬𝟎 𝜔𝑅 |2

𝐼𝑆𝐸𝑅𝑆/𝐼𝑅𝑎𝑚𝑎𝑛 = 𝐺1𝐺2~|𝑬𝒍𝒐𝒄 𝜔0 /𝑬𝟎 𝜔0 |4

SERSNormal Raman

Incident light at ω0

The enhanced local field and 
induced dipole at ω0 due to NPs

If there were no 
mutual excitation 
from m-NPs system 
at ωR, no enhanced 
apparent Raman 
polarizability exist
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1st and 2nd generation hotspots
Materials are hard to be squeezed into hotspot in nanogap!

Any new concept of hotspot for surface analysis of materials?



The 3rd generation hotspots generated by hybrid 

structures with nanostructures and probe materials

Ding, Yi, Li, et al, Nat. Rev. Mater. 2016, 1, 16021.

No. <Gsub> Gmax,sub Gmax,NP

a-i 94 2.0*103

a-ii 1.3*103 4.3*104

b-i 1.5*106 1.4*107

b-ii 7.3*105 5.2*106

c-i 1.0*105 6.9*106 6.8*107

c-ii 1.0*106 9.0*107 7.2*107

d-i 1.7*104 8.4*105 6.6*106

d-ii 2.1*105 1.2*107 1.4*107

a(NP) = 60 nm, t(SiO2) = 2 nm

g(NP-NP) = 2 nm, g(NP-Sub) = 1 nm



Norm E

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.

Fano-resonance Plasmon-enhanced Raman 

Scattering of nanospheres-Flat Surface Systems ?

Surface Charge density at 650 nm
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SHINERS works on single crystal surfaces of 

different materials beyond Au, Ag, Cu metals

Norm E

Ding, Yi and Tian, Surf. Sci., 631 (2015) 73-80.



260nm              360nm                           440nm

560nm              600nm                           700nm

(a) Si(111) treated with 

98% H2SO4 (b) treated 

with 30% HF solution, 

(c) treated with O2

plasma

SHINERS of Si-H

Li et al, Nature 464, 392-395 (2010); Ding, Yi and Tian, Surf. Sci., 631 (2015) 73-80.



There is always a node line underneath a 

single particle on a flat metal surface

110 degree



12
75 degree,
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55nm AuNP, d(NP-NP) = 4 nm, d(NP-AuSurf)= 2 nm

PERS ‘hot domain’?
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PERS ‘hot domain’?
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surface
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Good directional receiving and 

emission of AuNPs-Au surfaces 
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Conclusion

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

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

Tricks on the simulation of a point dipolar source. 




