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Chemical Enhancement Effects in Surface-Enhanced Hyper—Raman
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Hyper-Raman scattering (HRS) is a nonlinear Raman effect in which a molecule scatters light that is
Raman-shifted relative to twice the frequency of the excitation light. The frequency shift corresponds to a
change in vibrational energy of the molecule. Therefore, HRS spectroscopy promises to be a powerful tool that
combines the advantages of two-photon excitation with the chemical specificity of vibrational spectroscopy.
Although, HRS is an attractive technique, its main drawback is the extremely small scattering cross-section. In
surface-enhanced hyper-Raman scattering (SEHRS), molecules are adsorbed on metallic nanostructures to
boost the HRS signal. Most research in SEHRS has focused on the electromagnetic effects and only little has
been investigated about chemical effects. In this work, a new approach has been proposed to directly examine
the chemical effect in SEHRS. Our approach involves immobilizing spatially isolated single silver
nanoaggregates and observing the SEHRS spectra in the presence and absence of halide ions. This technique
allowed us to distinguish the chemical effect from the EM effect. Various SEHRS-active samples were studied.
We show the first direct evidence of halide-ion-assisted chemical enhancement effect in SEHRS. We
investigated the various properties of this chemical effect and explain our observations using a charge transfer
mechanism. Understanding both chemical and electromagnetic enhancement effects opens the doors for SEHRS
as a potentially useful spectroscopic tool for biosensing and analytical applications.
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AWML T, A 73—F < 8L (Hyper Raman Scattering; HRS) WO BMBELZ BRIL LT, BT/ #hElk
WX BHRHRERIA LR TR A 23— F < 8 EL (Surface Enhanced Hyper Raman Scattering; SEHRS) 38 L TX
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Q) nNaF AL F X HILFRERS RO M L2 EBROICHERL TV, 3EHOBKS T (malachite
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FROMERHEE > SEHRS, SERS 33 X UNRI{RIEEHRE O SERS (2351) B HIREE * HRER L E X H L, CT #LICRIT5 7
# MBI ur 2% SMREOGRFEFICOVTHERL, CTHBOFENNTRILVERLZLEZRLTNS,
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