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Plant-derived phenolic compounds, rich in catechol and pyrogallol moieties, can form multifunctional nanocoatings on various substrates, following polymerization under mildly alkaline pH solutions. Despite a lot of appealing features of such coatings, the difficulty to control this polymerization spatially and temporally, limits the number of potential applications of plant polyphenols. Here we demonstrate for the first time that UV irradiation can trigger oxidative polymerization and deposition of plant-derived phenolic compounds, which opens the possibility to create 2D gradients and patterns of polyphenol nanocoatings and control this polymerization temporally. UV-Vis spectroscopy, ESI-MS, and cyclic voltammetry analyses were used to investigate the UV-induced polymerization of several plant-derived phenolic compounds including pyrogallol, tannic acid, caffeic acid, and gallic acid. Deposition of polyphenol nanocoatings on polar and non-polar substrates after UV irradiation was studied using AFM, ToF-SIMS and XPS. The ability to use UV-light to trigger polymerization and deposition of phenolic compounds opens the possibility to create polyphenol patterns and gradients within microfluidic channels, which was demonstrated by  creating a pattern of polyphenol inside a fused silica capillary. The use of UV-light to accelerate polymerization of polyphenol opens the possibility for the photolithographic patterning of functional polyphenolic nanocoatings on various substrates, extending the scope of potential applications of plant polyphenols.
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Figure 1. (A) ESI-MS spectra of UV-irradiated PG polymerization solution and schematic representation of polymerization reaction. (B) Bright-field microscopy image of a silver particle pattern produced on surface of phenolic pattern. Red fluorescence pattern formed by treatment of the phenolic patterns with a rhodamine-thiol solution. (C) ToF-SIMS ion intensity map of a phenolic square pattern on PTFE substrate produced by photopatterning (top), and silver ion intensity map of modified pattern with silver nitrate aqueous solution for 48 h (bottom). (D) Polyphenolic gradient pattern (E) Phenolic pattern inside a microfluidic capillary.
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