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A room-temperature, open-air method has been used to selectively intercalate relatively low molecular weight polymers (~10-100 kDa) from dilute, volatile solutions into open-end, as-grown, wettable carbon nanotubes of 50-100 nm diameter [1]. The method relies on a self-sustained diffusion mechanism driving polymers from dilute volatile solutions into carbon nanotubes and concentrating them there. A theoretical analysis of the method has been presented in [1]. Relatively low molecular weight polymers have been encapsulated in graphitic nanotubes as confirmed by transmission electron microscopy, which revealed morphologies characteristic of mixtures in nano-confinements affected by intermolecular forces (Fig. 1). While relatively small and flexible polymer molecules can conform to enter these nanotubes, larger macromolecules (~1000 kDa) remain outside, which allows capping of nanotubes containing water and drugs (Fig. 1). Capping of nanotubes with low molecular weight polymers is also possible when the polymer cannot penetrate from the outside solution into the confinement filled with a non-solvent [2]. The method affords high filling efficiencies and can be applied to confinements spanning sizes from 50 nm (carbon nanotubes) to 300 μm or larger (glass capillaries) [1,2].  Nanotubes and microchannels can be filled not only with polymers, but also with surfactants and nanoparticles [2].  Nanoparticles filling microchannels form colloid crystals, which, upon illumination, demonstrate opalescence characteristic of columnar photonic crystals (Fig. 1).          
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Figure 1. Top left: Polymer intercalation in carbon nanotubes driven by self-sustained diffusion from an evaporating liquid mass [1]. Top right: Polymers and surfactants form caps at the tube ends or foam-like structures along the entire tube cavity. Lower left: In microchannels, entrained nanoparticles form organized structures, which reveal photonic crystal behavior (lower right).
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