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Started from the simple wet-chemical nanogap generation induced by Coulomb aggregation 

among colloidal nanoparticles in aqueous solution after adding salt onto it shown independently 

by S. Nie and K. Kneipp in 1997, nanogap engineering to enhance Raman scattering signal to 

achieve single molecule sensitivity is getting more sophisticated.  In this talk, single molecule 

Surface-Enhanced Raman Scattering (smSERS) field formed since 1997 will be briefly reviewed 

and then different types of nanogap engineering strategy for smSERS developed in my lab will be 

discussed: single-junction 0-D external nanogap between two spherical nanoparticles connected 

with a double helix DNA (Nature Materials 2010), multi-junction 3-D spherical nanogap internally 

formed between spherical gold core nanoparticle and spherical gold shell nanoparticle connected 

by multiple single helix DNAs(Nature Nanotech. 2011), and 2-D nanogap arrays formed on a 4-

inch polymer wafer by simple two-step process. Several reasons will be discussed why now SERS 

regime and NERS (Nanogap-enhanced Raman Scattering) regime should be separated on the 

enhancement factor (EF) distribution histogram. Recent result including direct near-field 

visualization of the nanogap field of the 2-D nanogap array, single molecule behavior of 

cytochrome C protein’s Raman signal, and ultra-uniform distribution of SERS enhancement factor 

(EF) of benzene thiol molecule dispersed on this plasmonic 2-D nanogap array wafer will be 

presented. 
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