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Flexible and versatile nanoparticle synthesis platform by gas-diffusion electrocrystallization

Gas—diffusion electrocrystallization (GDEx) is a new electrochemical process that conveys the synthesis of crystalline
nanomaterials with well controlled and narrowly distributed properties that relate to specific functionalities. GDEx
is a one-pot rapid process involving a porous cathode, an aqueous electrolyte containing metal or metalloid ions, and an
oxidant gas, in which colloidal dispersions of nanomaterials or solid nanoparticles are synthesized. The general principles and
mechanism through which GDEx operates will be introduced. Cerium oxide nanoparticles with controlled crystallite sizes
and compositions, which result in tunable oxygen sorption capacities and kinetics, have been synthesized using GDEx. These
can be tailored for pro-oxidant or anti-oxidant applications of interest for electronic packaging, oxidative stress alleviation,
or cancer therapy. GDEx has also been used to produce iron oxide nanoparticles in which the ratio of heamatite (Fe,O,) and
magnetite (Fe,O,) can be tweaked, providing the possibility to regulate their magnetic susceptibility. These materials are studied
for molecular diagnostics. Solid nanoparticles of herbertsmithite, have been obtained. These Cu/Zn-based nanoparticles may
have applications in data storage, high-temperature superconductors and for so-called “quantum-entangled” batteries. Finally,
when using manganese, compositions with birnessite and hausmannite — which may intercalate water and alkali metals —
have been synthesized, providing promising materials for batteries electrodes or catalysts. GDEx is revealed as a new route to
synthesize a wide range of nanoparticles, flexibly and with versatile control of composition, morphology, and physicochemical
parameters, which in turn tailor specific functionalities.
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