On thedifficulty to form alloy nanoparticles by interaction of spark dischargeswith
electrode surfacesin dielectric liquids.
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Using discharges in liquids to synthesize alloy oxidized but remaining at the metallic state. Itwsll
nanoparticles (NPs) is very challenging, althougVesal known that in bimetallic nanoparticles, the twoneémts
attempts led already to promising results (PanuethalL, can be phase separated such as in core—shellusésict
2010). The main advantage of this process is ttabe  chemically ordered, or Janus structures, or the two
and low-cost. Furthermore, no surfactants are rie@de species can be randomly mixed with complex
priori in the physical approach whose up-scalingasy. segregation (Peng al. 2015).

Basically, the difficulty of producing alloy NPs
by discharges in dielectric liquids comes from thain
interaction processes occurring between the spark
discharge and the electrodes.

Electrode erosion proceeds via several
mechanisms among which evaporation plays a key role
in the synthesis of the lowest size distributionN®s
(Hamdanet al., 2013). Then, emission of metal vapours
often proceeds sequentially depending on the ngeltin
point of the materials.

In a given alloy, metallic elements have specific |
melting points. For instance, in a brass alloy mafle |
63% copper and 37% zinc, zinc is expected to l¢hee
electrodes far before copper, their respective ingelt
points being close to 693 K and 1358 K respectively
the other hand, in a GyiA\gs, alloy, both elements have
comparable melting points (silver melts around 1K35
and are expected to be evaporated almost at the sam:
time, which should favour the synthesis of alloysNP

Experiments were performed using nanosecondf
pulsed discharges created in liquid nitrogen betwee ;
alloy pin electrodes. One important feature conicgrn

this experimental method comes from air oxidatioat t Figure 1. Separate gD and ZnO found after air
occurs once liquid nitrogen is evaporated. oxidation of NPs produced by dicharges in liquid
In the case of CuzZn, no small NPs containing nitrogen from CgsZng; electrodes.

both copper and zinc could be found. Electron energ
loss spectroscopy confirms also this conclusion by According to Nunez and Johnston (2010), in smédiyal
exhibiting typical CuO and ZnO spectra. As NPs are NPs sufficiently rich in silver, a spherical cap sifver
oxidized, the lack of alloy NPs might be due to air would preserve a core of copper. Segregation wihdd
oxidation that would convert CuZn NPs into separate explain the reason why copper can keep its metallic
NPs of CyO and ZnO (Figure 1). Indeed, according to character, even after air oxidation.
Holse et al. (2015), upon oxidation in £ the as-
deposited metal clusters transform into a polyetiise Hamdan A., Kosior F., Noel C., Henrion G., Audidot
cluster consisting of separate CuO and ZnO N., Gries T., Belmonte T. (2013) Appl. Phys. 113,
nanocrystals. Specifically, the CuO is observed to  213303.
segregate to the cluster surface and partially rctive Holse C., Elkjeer C.F., Nierhoff A., Sehested J.,
ZnO nanocrystals. So, till now, the impossibility o Chorkendorff I., Helveg S., Nielsen J. H. (201b)
synthesizing CuZn alloy NPs by discharges in ligusl Phys. Chem. C 119, 2804.
still not proved. Nunez, S., Johnston, R. L. (201DPhys. Chem. C, 114,

In the case of CuAg, alloy NPs are clearly found 13255.
after synthesis in liquid nitrogen and air exposure Panuthai N., Savanglaa R., Praserthdam P., Kheawhom
demonstrating the possibility to form alloy NPsnro S. (2010)ap. J. Appl. Phys. 53, 05HA11.
alloys made of metal with similar melting points. Peng L., Ringe E., Van Duyne R.P., Marks L.D. (2015
Metallic CuAg particles are present, copper beiag n Phys. Chem. Chem. Phys. 17, 27940.






