1-1-12. Surface-Enhanced Raman Spectroscopy (SERS)

Overview

Raman spectroscopy suffers from intrinsically
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low sensitivity. Raman
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chemical enhancement associated with charge-transfer interactions. In 1997, single-

molecule detection was demonstrated with aggregated silver nanoparticles, establishing

SERS as a key platform for ultra-sensitive spectroscopy.

Current Status and Frontiers

The current status and frontiers of SERS can be discussed in terms of electromagnetic

and chemical enhancement.

Electromagnetic enhancement originates from localized surface plasmon (LSP)

resonances in noble metal nanoparticles. Coupling between LSPs and incident light

increases the local density of states of light, thereby amplifying Raman excitation and

emission. The effect is strongest within nanometer-scale junctions, or “hot spots,” with
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Angstrom-scale TERS imaging of a porphyrin

molecule obtained by tip-enhanced Raman spectroscopy.!



Raman spectroscopy (TERS), which employs field confinement at metallic probe tips.
Angstrom-scale features at tip apices have enabled vibrational imaging of single
molecules, pushing light-matter interactions beyond classical descriptions and
motivating theoretical analysis via time-dependent density functional theory (TD-DFT).

Chemical enhancement is attributed to charge-transfer (CT) complexes formed
between adsorbed molecules and metallic substrates. This mechanism effectively
converts non-resonant Raman scattering into resonant Raman, providing enhancements
of ~103. Chemical enhancement typically accompanies electromagnetic effects and
enables detailed observation of photochemical processes at surfaces. At sub-nanometer
resolution, changes in Raman selection rules are expected, again requiring theoretical
support. While historically associated with metals, chemical enhancement has recently
been demonstrated on semiconductor surfaces. Such substrates allow tunable CT levels
by compositional adjustment and provide chemically milder environments, offering
promise for biochemistry and catalysis.

Broader developments: Over the past five decades, SERS has expanded into related
fields, including surface-enhanced infrared absorption, fluorescence, and nonlinear
spectroscopy. Despite rapid progress, large-scale applications remain limited. Current
research is directed toward practical implementations in medical diagnostics,

environmental monitoring, forensics, counter-terrorism, and anti-counterfeiting.
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Future Perspectives and Directions
Within 5 years: Clarification of SERS enhancement under strong coupling between
LSPs and molecular excited states; establishment of Angstrdm-scale TERS technology.
Within 10 years: Development of health diagnostic technologies and catalytic
applications based on SERS.
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