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There are various ways in which nanotechnology can assist in early cancer detection, oftentimes 
utilizing sensitive physical properties of nanomaterials to detect them attached to tumors or 
circulating cancer cells. The group with whom we collaborate has successfully employed gold 
nanoparticles contained within a silica shell as a triple modality detection agent [1]. One of the 
properties utilized is surface-enhanced Raman spectroscopy (SERS) whereby the gold nano-
spheres significantly enhance the Raman signal from an organic dye when exposed to an 
illuminating laser beam, which has been incorporated into a working endoscopic system [2]. 
While this works well, to our knowledge there has never been any systematic study as to the 
influence of nanomaterial structure parameters such as size, shape, seperation, coating etc. on 
the strength of the Raman signal, and hence its utility in detecting small tumors. It is recognized 
that surface plasmons in noble metal nanoparticles directly contribute to the Raman signal, and 
that the surface plasmon energy is in turn determined by the nanomaterial properties mentioned 
above. In this paper, we describe an approach to study the effect of these parameters in order to 
establish the optimum conditions to generate the highest possible Raman signal. 

An array of gold nanoparticles of various size, shape and separation is fabricated from a vapor-
deposited gold thin film utilizing standard electron lithographic processes. When a Raman dye 
is spread over the array, Raman imaging shows the variations of signal and hence the parameters 
giving rise to maximum signal. Nanoparticle size is seem to be a critical feature. The plasmon 
resonances and energies are then determined across the array using electron energy loss 
spectroscopy (EELS) in a scanning TEM (STEM) [3] and the individual spectra are then 
correlated with the Raman signal from the exact same nanoparticle structures. By this procedure 
we can establish the critical parameters which yield the highest Raman signal, which leads to 
the systematic design of the most effective SERS nanoparticles [4]. 
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