Exciton luminescence of boron nitride nanotubes and nano-arches
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We report photoluminescence (PL) and PL-excitation spectroscopy of BN nanotubes mixed with some residual h-BN starting material, and of h-BN microcrystalline powder.  The excitation spectroscopy [1] is crucial in distinguishing a prominent h-BN defect PL signature[2] from features possibly assignable to the nanotube phase.  The nanotube phase exhibits a broad-band PL near 380 nm, in agreement with cathodoluminescence from a sample comprising > 90% nanotubes.[3]  Detailed measurements on our nanotube sample show the broad PL spectrum around 380 nm to be a superposition of bands whose PL energy correlates with a distribution of excitation thresholds.  The thresholds are hypothesized to be band gaps of nanotubes having different radii.  According to calculations [4], smaller tube radius corresponds to smaller band gap.  We also observe 390-nm broad-band PL in spectra from microcrystalline h-BN.   It originates from the surfaces of the grains and is similar in many ways to the family of bands around 380 nm in nanotube-BN.  The 390-nm end of the distribution of nt-BN PL bands corresponds to the smallest radius of nanotube.   This caused us to wonder if there are high-curvature surface structures on h-BN microcrystals similar to nt-BN.   When rolled as a tube, the hexagonal BN sheets can form nanotubes (nt-BN).  Stacked as planes, the sheets become crystalline hexagonal boron nitride (h-BN), structurally similar to graphite.  The sheet edges comprising (1100) faces of h-BN and graphite terminate in dangling sp2 bonds that are susceptible to reconstruction.  A particular reconstruction that has been observed on both h-BN [5] and graphite is the nano-arch formed by bonding between adjacent sheet edges.  This reconstruction amounts to half-nanotubes lining the (1100) faces.  The tightest radii occur for single-wall arches between adjacent planes.  Nested arches similar to multiwall half-nanotubes also occur.  On this basis we expect similarities of electronic structure on reconstructed edges of h-BN and in nt-BN, in line with the PL data. 
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