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Abstract

Many efforts have been devoted to manipulate the morphology of two-dimensional (2D) materials to
tune and improve their functionalities. It is usually believed that morphological manipulation strategies,
such as nanotexturing, reduce transport abilities of 2D systems whereas introduces or enhances other
functionalities. It is the case, for instance, of graphene [1,2]. Single layers (SLs) of transition-metal
dichalcogenides [3,4] offer unquestionable technological applications [5-8]. Nevertheless, tuning their
properties for optoelectronic applications is challenging due to the intrinsically localized nature and
orbital character of the d-states that dominate their valence and conduction bands. 2D forms of other
layered semiconductors, as Indium Selenide, are less explored and may exhibit interesting and tunable
properties [9-11]. First-principles calculations predicted that 2D InSe should produce a band-gap tuning
window as large as 1.1 eV [10] and, experimentally, a blue shift of the optical band gap of 0.2 eV has
been already observed in 5 nm thick InSe nanosheets [10,11]. Also, devices based on few-layer InSe
have shown promising applications [12-14]. In this communication, we show the ability of nanotexturing
strategies to enhance the luminescent response of atomically thin Indium Selenide nanosheets.
Besides, quantum-size effects make this two-dimensional semiconductor to exhibit one of the largest
band gap tunability ranges observed in a two-dimensional semiconductor: from 1.25 eV, in bulk, to 2.1
eV, in the single layer. These results are relevant for the design of new optoelectronic devices, including
heterostructures of two-dimensional materials with optimized band gap functionalities and in-plane
heterojunctions with minimal junction defect density.
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