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Molecules (Nan() ObJ GCtS) Light Wavelength Metal sub-microstructure nanogaps

10°m << 10°m

Difficulty in exciting molecules with a few photons
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Localized plasmons at the metallic nanogap

1THEE M max
Amplitude (a.u.)

Photon-harvesting by metallic antenna Y. Tanaka, et al, Opt. Express 19 (2011) 7726.
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Misawa et al.,
J. Am. Chem. Soc. 2006

High efficient two photon polymerization is caused even
by incoherent light source.

K. Ueno et al. Adv. Mater. 20, 26 (2008)
K. Ueno, et al. J. Am. Chem. Soc., 130, 6928 (2008)
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Nonlocal Response

Nonlocal response due to the polarization wave

1 28

P(r,w)=y(r,0)E(r,0)

8,

Pr,w)= J)((r,r',w)E(r',w)dr'
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Discrete-Dipole Approximation (DDA) Incident polarization

Refs. EM. Purcell, C.R. Pennypacker, Astrophys. J. 186, 705-714 (1973)
J.J. Goodman et al. Optics Lett.16, 1198 (1991)

Discretized Maxwell equation
NP
— 10 megq .
@—Ei +{ 2. G J}
j=1

i: observation position,
J: source position

B —oy-1p AL 0 Each gold block :
i=Xi Fi - Z A(i, 4) '@— E; L24nm x H24nm x H10 nm
1=1

Gap distance 2. 8nm

P.: both resonance structures (molecules)
and environmental structures (metal nanostructures, substrate, and so on)
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Dimer: Effective size of each molecule is 1nm

Dipole moment: 8.0 debye

Nonradiative damping: 0.2 meV

monomer
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Bright state Bright state
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T. Iida and H. Ishihara
phys. stat. solid. (a) 206, 980 (2009)
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T. Iida, Y. Aiba and H. Ishihara:
Appl. Phys. Lett. 98,053108 (2011)
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Breakdown of selection rule for a single CNT at metallic nanogap

EERKE MBS )L—T M. Takase, et al., Nature Photonics, 7, 550-554 (2013)
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Raman Intensity (a.u.)
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Raman Intensity (a.u.)
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Raman Intensity (a.u.)
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Breakdown of selection rule for a single CNT at metallic nanogap
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Nature Photonics "'News & View"

RAMAN SPECTROSCOPY

The effect of field gradient on SERS

Surface-enhanced Raman spectroscopy is normally associated with the enhanced electric fields that arise near
metal nanoparticle surfaces. The contribution of field gradients has been unclear, but new research provides

insights into their effect.

Christine M. Aikens, Lindsey R. Madison and George C. Schatz

(SERS) is an important analytical tool

because it has low detection limits
and can provide molecular fingerprints of
adsorbates. It typically gives Raman signal
enhancements of the order of 10*-10°,
although enhancements as high as 10'-10'"
have been reported for single-molecule
SERS. Many enhancement mechanisms
have been proposed, but it is generally
accepted that the largest enhancements
arise from electromagnetic factors because
the local Raman signal scales as the fourth
power of the local electromagnetic field
amplitude. An accurate description of
electromagnetic fields near metal surfaces
is therefore critical for understanding
SERS. Although it is well accepted that
the local electric field is greatly enhanced

S urface-enhanced Raman spectroscopy
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