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Abstract

Three-dimensional plasmonic nanostructures with high light-heat utilization efficiency have shown
industrialization prospects in various fields and have become a research hotspot in aspects such as
light-heat conversion and solar energy capture. This paper proposes a simple chemical synthesis
method to prepare “hotspot”-enriched gold nanoparticles and uses electrophoretic deposition to as-
semble large-area “hotspot”’-enriched gold nanoparticle films. Through numerical simulation and ex-
periments, the surface-enhanced Raman scattering (SERS) testing of the “hotspot”-enriched gold na-
noparticle films was studied. The results reveal the physical processes of local electric field enhance-
ment and light-heat conversion of the “hotspot”-enriched gold nanoparticle films. The results show
that, with the help of the efficient optical trapping characteristics and superhydrophilic surface char-
acteristics of the “hotspot”-enriched gold nanoparticle films, they exhibit remarkable effects in terms
of Raman signal enhancement. Among them, based on gold nanosphere particles and “hotspot”-en-
riched gold nanoparticles, the limit sensitivities of the SERS substrates for R6G molecules reach 10-10
M and 10-1z M, respectively. Therefore, the “hotspot”-enriched gold nanoparticle films have strong
competitiveness in the field of Raman trace detection of organic molecules.
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Figure 1. Schematic diagram of the synthesis process of “hot spot” enriched gold nanostar particles
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Figure 2. (a) Absorbance spectrum of the gold seed solution, (b) TEM image of the gold seed particles
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Figure 3. (a) TEM images of gold nanospheres and (b) “hotspot”-enriched gold nanostar particles, (c) absorption spectra of
gold nanosphere and “hotspot”-enriched gold nanostar particle solutions
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Figure 4. (a) Schematic diagram of the electrophoretic deposition method. (b) Experimental setup for
assembling a gold nanoparticle film with “hot spots” enriched by the electrophoretic deposition method.
(c) Photograph of the gold nanoparticle film assembled by the electrophoretic deposition method
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Figure 5. SEM images of (a) gold nanosphere particle film and (b) “hot spot” enriched gold nanostar particle film
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Figure 6. (a) SERS signal testing of R6G molecules on the gold nanosphere particle film. (b) SERS signal
testing of R6G molecules on the “hot spot”-enriched gold nanostar particle film
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