Surface or interlayer? Methylene blue incorporation into MoS2 by electrochemical exfoliation and hydrothermal synthesis
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Abstract
Two-dimensional materials, particularly the transition metal dichalcogenides (TMDCs), have attracted much attention from the electrochemical perspective. Functionalisation of TMDCs with organic molecules is reported as a viable route to optimise their catalytic and molecular separation (desalination) properties [1, 2]. Two methods for incorporating methylene blue (MB) into MoS2 materials are compared here. In the first method, a hydraulically compressed MoS2 pellet was electrochemically lithiated at −4.5 V in 1 M LiClO4 dissolved in a DMC/EC mixture (1:1, v/v) [3]. The lithiated MoS2 pellet was then transferred directly into an aqueous MB solution, where the reaction of intercalated lithium with water promoted exfoliation and brought MB into contact with the newly formed MoS2 sheets in a single step. In the second method, MoS2 was hydrothermally synthesised from ammonium molybdate and thiourea in the presence of MB [4]. X-ray diffraction analysis of the electrochemically exfoliated sample showed no noticeable shift in the main MoS2 (002) reflection after MB treatment, indicating that MB was mainly located on the outer surface of the exfoliated sheets. By contrast, the hydrothermal sample prepared with MB showed a shift of the (002) reflection to lower 2θ values, giving an expanded interlayer spacing of 0.94 nm compared with approximately 0.62 nm for pristine MoS2. XPS showed a distinct N 1s peak near 400 eV in both treated materials, consistent with the presence of MB-derived nitrogen species. These results indicate that MB is mainly located on the surface of the electrochemically exfoliated MoS2 sheets whereas intercalation occurs between the hydrothermally-prepared MoS2 sheets.

Keywords: MoS2; methylene blue; electrochemical exfoliation; hydrothermal synthesis; intercalation



References
1.	Mei, L., et al., Simultaneous Electrochemical Exfoliation and Covalent Functionalization of MoS2 Membrane for Ion Sieving. Advanced Materials, 2022. 34(26): p. 2201416.
2.	Dai, H., et al., Reticulation of 2D Semiconductors by Metal–Organic Approach for Efficient Hydrogen Evolution. ACS Sustainable Chemistry & Engineering, 2020. 8(22): p. 8102-8110.
3.	Ejigu, A., et al., A simple electrochemical route to metallic phase trilayer MoS2: evaluation as electrocatalysts and supercapacitors. Journal of Materials Chemistry A, 2017. 5(22): p. 11316-11330.
4.	Wang, G., et al., Direct synthesis of stable 1T‐MoS2 doped with Ni single atoms for water splitting in alkaline media. Small, 2022. 18(16): p. 2107238.

