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Two-dimensional (2D) materials including graphene and transition metal dichalcogenides (TMDs) possess tunable optical properties (i.e. photoluminescence emission and Raman scattering) that is sensitive to molecular doping. Here we decorate exfoliated graphene with one of azobenzene derivatives: methyl orange (MO) and investigate its doping effects in graphene via spatially resolved Raman spectroscopy. Thickness-dependent doping effects are distinctly evidenced through G band evolution in Raman spectra.1 Moreover, we probe the reversible molecular structural transition of azobenzene on graphene driven by UV/white light irradiation. Considerable reduction of the doping level in graphene and chemical enhancement of the molecular signal are witnessed when trans-azobenzene isomerizes to the cis configuration.2 Beyond graphene, we also reveal how the molecular adsorption can modulate the photoluminescence (PL) emission of monolayer WS2. The PL intensity is strongly enhanced upon electron-withdrawing molecules adsorption, due to P-type doping induced increase of the neutral exciton formation.3 The types of dopant molecules are further expanded to H2O and DNA nucleobases,4 as cornerstones for humid sensor and DNA sequencing. Our spectroscopic studies indicate rich possibilities for building 2D materials based flexible bio-chemical sensors. 
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