Nanoporous Ag-Au Bimetallic Triangles Synthesized by Galvanic Replacement for Plasmonic Applications
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Abstract 
Galvanic replacement is a versatile method of converting simple noble metallic nanoparticles into structurally more complex porous multimetallic nanostructures. In this work, roughened nanoporous Ag-Au bimetallic triangles are synthesized by galvanic replacement between smooth Ag triangles and  ions. Transmission electron microscope and the elementary mapping measurements show that numerous protrusions and pores are formed on the {111} facets, and Ag, Au atoms homogeneously distribute in the triangle plate. Due to the additional “hot spots” generated by the surface plasmons coupling of the newly formed protrusions and pores, the roughened nanoporous Ag-Au triangles aggregates demonstrate a higher surface-enhanced Raman scattering enhancement factor (seven times larger) and better reproducibility than that of smooth Ag triangles aggregates. The well-maintained triangular shape, surface-roughened evolutions of both micro- and nanostructures, and tunable NIR surface plasmon resonance effect enable potential applications of the Au–Ag alloy nanoplates in surface-enhanced Raman spectroscopic detection of biomolecules through 785-nm laser excitation. Moreover, these synthesized roughened nanoporous Ag-Au bimetallic triangles could be promising candidate for the applications in analytical chemistry, biological diagnostics and photothermal therapy due to their excellent plasmonic performances and good biocompatibility.



Graphical Abstract
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The controllable surface-roughening of Au-Ag alloy nanoplates via galvanic replacement between single-crystalline triangular Ag nanoplates and HAuCl4 is achieved precisely. Combining the experimental evidences, their considerable NIR photothermal conversion efficiency and the triangular nanoplate morphologies with controllable surface roughness enable their potential biomolecules SERS detection and Plasmonic applications.


Recent Publications 
1. Qian, H. M., Zhao, Q., Dai, B. S., Guo, L. J., Zhang, J. X., Liu, J. J., ... & Zhu, H. S. (2015). Oriented attachment of nanoparticles to form micrometer-sized nanosheets/nanobelts by topotactic reaction on rigid/flexible substrates with improved electronic properties. NPG Asia Materials, 7(1), e152.
1. Qian, H., Xu, M., Li, X., Ji, M., Cheng, L., Shoaib, A., ... & Zhang, J. (2016). Surface micro/nanostructure evolution of Au–Ag alloy nanoplates: Synthesis, simulation, plasmonic photothermal and surface-enhanced Raman scattering applications. Nano Research, 9(3), 876-885.
1. Zhao, Q., Ji, M., Qian, H., Dai, B., Weng, L., Gui, J., ... & Zhu, H. (2014). Controlling structural symmetry of a hybrid nanostructure and its effect on efficient photocatalytic hydrogen evolution. Advanced Materials, 26(9), 1387-1392.
1. Shoaib, A., Ji, M., Qian, H., Liu, J., Xu, M., & Zhang, J. (2016). Noble metal nanoclusters and their in situ calcination to nanocrystals: Precise control of their size and interface with TiO2 nanosheets and their versatile catalysis applications. Nano Research, 9(6), 1763-1774.
5. Sun, M., Qian, H., Liu, J., Li, Y., Pang, S., Xu, M., & Zhang, J. (2017). A flexible conductive film prepared by the oriented stacking of Ag and Au/Ag alloy nanoplates and its chemically roughened surface for explosive SERS detection and cell adhesion. RSC Advances, 7(12), 7073-7078.

   


[bookmark: _GoBack][image: ]Dr. Hongmei Qian, Professor (Associate) 

Dr. Qian Hongmei earned her PhD in 2015 from School of Materials Science & Engineering of Beijing Institute of Technology, China. Currently she is Asociate Professor in School of Architecture and Civil Engineering, West Anhui University Hefei, Anhui, China. Her current research interest is inorganic materials based hybrid nanostructures to possess novel optical, electronic properties for applications in energy conversion and storage, catalysis, optoelectronics and biology. 

Email: qianhm@wxc.edu.cn
Phone: +86-0564-3307667


image1.tiff
Agseeds Ag triangle Ag-Au alloy
PVP, DMF 140°C, 8 h Galvanic ‘ﬂ_w;

AgNO, < {111} il
7 min * Solvothermal HAuCl, S

l Ag-Au alloy





image2.png




