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Bi-metallic, metastable and Janus Nanoparticles formed by combined
Plasma-in-liquid and laser treatments
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The formation of complex nanoparticles (NPs) such as bi-metallic, alloyed or

core/shell, Janusetc... is still challenging, and conventional chemical processes

remains unsufficient.An atractive technique consists in combining plasmas and laser

treatments in liquids. A basic solution consisting of a suspension of pure metallic

particles (typically µm size) in ethanol is been used and  Electric discharges are then

ignited between tungsten electrodes immersed in the aforementioned solution.

Eventually, the solution is further treated with second harmonics of Nd:YAG ns laser.

The present communication deals with the Cu-Ag system in which no defined

compound exists and the solubility of one element in the other is only a few percents.

High-resolution Transmission Electron Microscopy shows that laser treatment leads to

better defined spherical NPs with a noticeable increase in NP size, which can be

attributed to co-melting. Moreover elemental analyses have given a Cu:Ag ratio in the

range [63 at % Cu – 37 at % Ag]. Even though no defined thermodynamically stable

compound corresponds to that composition, selected area diffraction patterns show

that larger particles (typ. above 40 nm) are composed of a single phase – presumably

metastable – and can be either mono or polycrystalline. On the other hand, smaller

NPs are composed of both a copper-rich and a silver-rich phase. After annealing the

NPs, Cu and Ag split and form a Janus structure with a Cu-rich phase on one side of

the NP and Ag-rich phase on the other side.

After single plasma treatment and combined plasma and laser treatment, scattering

spectra of single NPs shows a plasmon resonance around 560 nm. After annealing,

plasmon peak splits in two peaks at 470 and 670 nm.
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