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http://chemwiki.ucdavis.edu/Physical_Chemistry/Spectroscopy/Vibrational_Spectroscopy/Infrared_
Spectroscopy/Infrared%3A_Theory
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LII = Surfaceenhanced techniques
In vibrational spectroscopy

* SERS(Surface Enhanced Raman Spectroscopy)
* enhancement factor up to#0

Volume 26, number 2 CHEMICAL PHYSICS LETTERS 15 May 1974

RAMAN SPECTRA OF PYRIDINE ADSORBED AT A SILVER ELECTRODE

M. FLEISCHMANN, P.J. HENDRA and AJ. McQUILLAN
Department of Chemistry, The University, Southampton SO9 3NH, UK

* SEIRA(Surface Enhanced Infrared Absorption Spectoscopy)
* enhancement factor up to310

Surface-Enhanced Infrared Spectroscopy: The Origin of the
Absorption Enhancement and Band Selection Rule in the
Infrared Spectra of Molecules Adsorbed on

Fine Metal Particles

MASATOSHI OSAWA,* KEN-ICHI ATAKA, KATSUMASA YOSHII, and
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electromagnetic mechanism

* the studiedmoleculeis adsorbednto metalsurfaceor is

locatedin closeproximity to this substrate

* directcontactof the moleculewith the metalsurfaceis not

required,but the enhancemendecreasesignificantly with

the increase of this distance, determined by the
disappearancef the dipole field of metal at a distance
[1/d]12

* enhancemenis particularly strongin the "hot spots”,in

SERSupto 10,

molecule

metallic sphere

aggregated colloidal metal
nanoparticles

E . Smith, G. Dent ,
K.A. Willets, Chem. Soc. Rev. 2014, 43, 3854
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Enhancement mechanisms
In vibrational spectroscopy

chemical mechanism

* the studied molecule is chemically binds to the metal
substrate

* it is not well known

* an electron coupling between a compound molecule and
a metal and forming an adsorbataface complex

* chargetransferin SERS
* Up to 1@ contributiontheoretically
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R.C. Maher, SERS Hot Spots, w: Raman Spectroscopy for Nanomaterials Characterization, red. C.S.S.R. Kumaii, 2612, 215
M. Osawa Surfaceenhanced infrared absorption, in: S. Kawata (Ed.), ##ed Optics and Surface Plasmon Polaritons, Topics in Appligdi€s, 81 (2001), Springer, Heidelberg, Germany; 183
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Surface selection rules
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SURFACE RAMAN ELECTROMAGNETIC ENHANCEMENT FACTORS
FOR MOLECULES AT THE SURFACE OF SMALL ISOLATED METAL
SPHERES: THE DETERMINATION OF ADSORBATE ORIENTATION
FROM SERS RELATIVE INTENSITIES
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Vibrational study of the metal-adsorbate interaction of phenylacetic acid
and a-phenylglycine on silver surfaces

J.L. Castro,* M.R. Lépez Ramirez, I. Lopez Tocén, and J.C. Otero

J. Phys. Chem. C 2008, 112, 56055617

A Unified Approach to Surface-Enhanced Raman Spectroscopy

John R. Lombardi* and Ronald L. Birke

Department of Chemistry, The City College of New York, New York, New York 10031

Surfaceselectionrules

Threeclasses of vibrational modes with distinct spectral beha

(1) normal component of the field and resulting in an induced
dipole with a strong component only in a direction perpendicul
the surface;

(2) tangential component of the field and resulting in an induct
dipole with a strong component tangential to the surface;

(3) the mixed cases (for example, a normal field exciting a dip
with a strong component parallel to the surface).

Vibrationscharacteristic for the aromatic riageclassified
into four symmetry groups, e. Al, A2, B1, and BZ he
ratio of the surface enhancement factors for the A2, B
B2 vibrational modes are 4:1:1 for a flat orientation of
aromatic molecule, and 1:1:4 for a vertical arrangeme

Significantenhancement of bands due to the A2 gro

vibrations (out of plane¥ connected with flat position
of the ring, whereas the vertical orientation is manife
by strong enhancement of spectral signals attributeo
the B2 group oscillations (in plane).

No metataromatic ring interaction unless there is
significant downrshiftsin wavenumber of the ring mode
bandsand clear changes in their widths

Threetypes of resonance contribute to the SERS enhanceme
including surfacglasmornresonance, the molecular resonance
the metalmolecule chargéransfer.
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S. Muthuirulapparet al.Asian Pac. J. Cancer Pre¥4 (2013) 2213
A.G. Najaret al, Asian Pac. J. Cancer Pret4 (2013) 495.
J. Leeet al.Cancer Lett 347 (2014) 46.
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