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Studies on solution/metal electrodes

Surface-enhanced Raman
spectroscopy: SERS
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EC-SERS (Metal NPs + Molecule + Light)
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Potential-Intensity Profiles dependent on Laser Lines
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Electrochemical Surface-Enhanced Raman Spectroscopy of Pyridine

Pyridine N-Metal Interaction:
Pt>Au, Cu> Ag
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Electrochemical CV and SERS of Benzyl
Chloride on Silver Electrodes

e ﬁ- ;

E/Vvs.SCE —=
Cyclic voltammetry of

PhCH2CI, 5 mM in 0.1 M
TEAP + CH3CN, at a Ag
electrode (2 mm diameter)
and a scan rate of 0.2 Vs

22 20 18 16 14 12 1.0

~ A OBV
A ~— 08V | Region (1)
A —— A
K e A
Region (2)
f‘q\__ _1.'4”'

Intensity(a.u.) ——e

Region (3)

Potential dependent SERS spectra of
PhCH,Cl on Ag electrode, excited by
633 nm

J. Am. Chem. Soc. 2010, 132, 9534-9536.



Computational detalils

Cluster Model: Molecule-M_; M — Molecule — M (M = TM)

DFT: B3LYP, PW91PW91, ... _
Basisset: LANL2DZ (Ag)/ . ' Optimized structure
6-311+G(d,p)(C,N,H,S) Bonding analysis

Scaled Quantum Mechanics force field method (SQMF)]

Calculations of Raman Intensity:

IR h (\70_\7i)4

. ] —_12 _r2
" " 8r%cy, 45[1-exp(—hcv, /k,T)] (452" +71")

Non-resonance, pre-resonance, and resonance cases



Metallic Cluster Modeling: Size effect
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SERS Intensity: Raman scattering processes

Schrodinger Equation: H=T +V, V=V(R) Vibrational peaks

Raman Intensity:




SERS Intensity: Resonance Raman Scattering

Kramers-Heisenberg-Dirac Dispersion Equation
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Charge transfer mechanism of pyridine/Ag
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Wagging Vibrations of Amino Group in Adsorbed Aniline

Aniline ===) Benzyl species
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Wagging Vibrations of Amino group in Adsorbed Aniline
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Simulated Raman Spectra of PATP/Ag or Au
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Wagging Vibrations of Aniline and its derivatives/Ag

Aniline/Ag Electrode
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Benzyl and Amino Groups Adsorbed on Silver Electrodes
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Wagging Vibrations of Aniline and Benzyl/Ag
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Wagging Vibrations of Benzyl/Ag and Aniline/Ag Nanopart.

SERS Intensity (arbitrary)
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Table 6. Six Derivatives of Polarizability Components @, @, @y, @, @, and @, Isotropous Polarizability (A%/amu'?),
Anisotropic Polarizability, and Raman Scattering Factor (S* AY amu) of Wagging Mode for Aniline, Benzyl, and Their Metallic
Complexes

species a, @, @, al, a, al il ¥ sk
CNNH, 075 0.00 =013 =0.10 .00 0.04 022 0.68 6.88
CN I—Il—)\g‘, 283 0.00 =094 0.02 0.00 0.18 0.69 11.26 100.39
C.CH,- 0,00 0,00 000 0.57 0.00 0,00 000 0.97 6.76
CLH,-Ag, 16.84 125 246 0.00 0.00 0.77 6,69 23872 3686.34
C.CH,” 0,00 0,00 0,00 =0.03 273 0.00 0,00 2229 156.01
C.L H{-}\gq ~17.66 1.0& 0.60 =0.35 015 =1.00 —6.02 310,71 380680

Chemical enhancement factor
from chemical bonding
10~500 fold



Summary

(1) Chemical enhancement effect is significantly influenced by
charge transfer and chemical binding interaction on metal
electrode surfaces.

(2) The p-r conjugation effect, hybridization effect, and the
strength of the binding interaction influence on the
surface Raman bands of wagging vibrations (Vibrational
frequency and Raman intensity).

(3) Quantum chemical calculation is helpful to understand
the observed phenomena in surface Raman spectra in
Electrochemical interfaces. EC-SERS + QC
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Charge transfer mechanism of pyridine/Ag

Theory Exper iments
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Charge Transfer Enhancement for Pyridine/Ag
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