Single-step extraction of (6,5)-SWCNTs using an aqueous solution of riboflavin
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The outstanding physical and chemical properties of single-walled carbon nanotubes (SWCNTs) promise multiple high-end applications from biomedicine to electronics [1]. Usually, raw SWCNTs consist of highly bundled structures due to strong van der Waals interactions between nanotubes, altering and deteriorating their outstanding intrinsic properties [2,3]. However, the majority of SWCNT applications, including thin-film electronics, require individual constituent parts. Biomedical applications, such as single-molecule biosensors or biomedical imaging agents, apply an additional constraint to nanotubes' chirality. Thus, the techniques that would allow to perform chirality separation of SWCNTs and preserve their individual intrinsic properties are extremely desired.
We propose a novel approach to the dispersion and selective extraction of (6,5)- SWCNTs using riboflavin and Sephacryl gel. Dispersion of SWCNTs in riboflavin aqueous solution occurs due to adsorption of π-conjugated isoalloxazine assembly of riboflavin on the surface of nanotubes and interactions between hydroxyl groups of ribityl chains with water. During the SWCNT extraction, specific adsorption of riboflavin to SWCNTs minimizes interactions between the SWCNTs and gel media. Thus, selective extraction of (6,5)-SWCNTs results in a 16-fold increase of their photoluminescence (PL) signal after the extraction. The extraction of photoluminescent SWCNTs was observed, disregarding the diameter distribution of the raw SWCNTs.
Experimental findings are supported with ab initio calculations demonstrating the impact of riboflavin wrapping pattern around SWCNTs on their interaction with allyl-dextran gel. According to computational results, riboflavin-wrapped (6,5)-SWCNTs have minimal interaction energy with Sephacryl’s dextran sites of -10 meV/atom; thus, they are easily extracted without the addition of conventional surfactants in one step. Such optimization of the extraction procedure promotes biomedical applications of (6,5)-SWCNTs since final dispersions do not contain surfactants, whose biocompatibility is significantly lower than that of riboflavin. 
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