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Alloying separate metallic nanoparticles is a real challenge if the sought-after result is to 

produce non-equilibrium phases. Indeed, for equilibrium phases, there is an easy way that 

consists in using alloyed electrodes. There erosion leads to nanoparticles that can be depleted 

in the most volatile elements, drifting consequently in the phase diagram, but keeping up with 

the phase diagram constraints. However, this method is of no interest to mix elements that 

cannot be mixed according to the paramount rule of thermodynamic equilibrium. 

For instance, creating a 50%silicon-50%gold alloy, whether in weight or mol, is strictly 

forbidden by the Si-Au phase diagram, below the liquid phase. The idea is then to form a liquid 

or even a gas mixture of the two elements with the wished composition and to quench it at 

sufficiently high rate in order to freeze the material in its pristine state. Expected rates must be 

around 1012−1013 K s−1 typically to limit diffusion processes and prevent self-organisation of 

matter down to the equilibrium state. This constraint is also strongly related to the discharge 

structure since the way particles form, eventually merge and exit the discharge area controls the 

gradients. 

This new class of non-equilibrium materials is very promising since they might offer original 

properties in optics and catalysis for instance, as it was shown recently. Consequently, 

discharges in liquids must fulfil these requirements to enable the synthesis of alloy metastable 

nanoparticles. These new materials are, by definition, submitted to secondary effects emerging 

from the quenching step: their ability to return to equilibrium under usage conditions and their 

need to embed defects in order to span the gap in energy to equilibrium. The former is most 

often driven by oxidation processes that favour the splitting of metallic elements into separate 

oxides. The latter is mastered only in rare cases and always for nanoparticles at equilibrium, as 

far as we are aware of it. It can be turned into an advantage if defects contribute to improving 

the final properties as it is already commonly encountered in particular in non-linear optics. 
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