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Graphical Abstract 

 
⚫ The nanohybrids of Ag nanoparticles (Ag NPs) on NSP exhibit strong three-dimensional (3D) hot-junctions due to the silver 

nanoparticles arrangement in the geometrically z-directional few nm gaps of inter-particle distances by small molecules (adenine 

of DNA) and bacteria (S. aureus) test. 

Abstract 

Novel nanoparticles arrays of the noble metal nanoparticles (Ag or Au)-on-2D nanosheets materials (graphene 

or exfoliated clay nanosheets) with flexibility and three-dimensional hot-junctions (particularly in z-direction) 

were discovered for improving the stability of free nanoparticles and the mobility of rigid (glass or silicon-based) 

substrates in the surface-enhanced Raman scattering (SERS) detection platform. Since the noble metal Ag 

nanoparticles (10-30 nm) are adsorbed on both sides of few nanometer-thick nanosheets (single-layer exfoliated 

nanosheets, with dimensions of 100×100 nm2 and a thickness of 1-5 nm), the geometric arrangement of Ag on 

both sides of the nanosheets may induce strong (~7 times higher) hot-junctions (z-direction) in reference to the 

multi-layers at the thickness of 20 nm, measured by small biomolecules (adenine of DNA) and microbes. The 

resulting nanoparticle arrays nanosheets display a free-floating mobility and optical transparency (less 

background interference), which inherently increase the contacted surface-area between the substrate and 

microbes, to enhance the SERS sensitivity. Furthermore, the magnetic (Fe3O4) nanoparticles were immobilized 
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on 2D SERS nanosheets, which displayed the great magnetic capturing behavior and SERS enhancement effect. 

The bacteria (Escherichia coli) were captured and separated by the magnetic SERS substrates using an applied 

magnetic field, and then the magnetically captured samples were monitored by Raman spectroscopy for rapid 

SERS detection. The SERS sensitivity increased by ~2 times after magnetic capturing, and the limit of detection 

(LOD) for sensing bacteria was below 103 CFU/ml. The novel magnetic SERS 2D nanosheets provide 

ultrasensitive, rapid, and reproducible SERS detection for magnetically capturing biomolecules (bacteria, uremic 

toxins, and parathyroid hormone) and can be applied in environmental, water, and biomedical detection. 

Keyword: surface-enhanced Raman scattering (SERS) detection; 2D materials & nanosheets; noble metal 

nanoparticle arrays; bio-detection; magnetic capturing. 
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