High rate laser deposition of conductive nickel microstructures from deep eutectic solvents
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The phenomenon of laser chemical deposition of composite materials based on Ni/NiO using a deep eutectic solvent (DES) on an oxide glass substrate was demonstrated for the first time. Nickel acetate was used as a precursor for the laser thermo-induced synthesis and method for DES fabrication containing high concentrations of non-heat-resistant salts was developed
. DES serves both as a solvent and a reducing agent for metal [1]. The action of laser radiation on this solution leads to the formation of nanostructured coatings with high electrical conductivity on the glass surface. The use of eutectic solvents made it possible to significantly simplify the metal deposition procedure and to increase the deposition rate by more than 150 times as compared with the use of aqueous solutions [2]. This technique opens up opportunities for fabrication conducting structures on dielectric substrates for microelectronics and sensor applications.
In this work, various DES based on choline chloride and three organic acids (citric, oxalic, and tartaric) were synthesized. DES with nickel acetate was evenly distributed over glass slide surface and substrate was irradiated with diode-pumped solid-state Nd:YAG laser (CW, 532 nm) for fabrication of nickel-based deposits. According to the deposition results, it was found that the optimal concentration of Ni2+ ions in the DES was 0.5M. The synthesized structures were analyzed using a scanning electron microscope and X-ray diffraction (Fig 1). According to the data of scanning electron microscopy (Fig. 1a), a monolithic deposit with fairly smooth edges is observed. The particle size is about 10-100 nm. X-ray diffraction pattern (Fig. 1b) exhibits individual peaks corresponding to metallic nickel and nickel oxide. Most likely, nickel oxide is also formed as a result of the subsequent oxidation of nickel.
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 Fig. 1. (a) SEM image, (b) XRD patterns, (c) optical image of nickel micro-structures synthesized from DES based on choline chloride
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