Phosphorescence of Hydrogen-Capped Polyynes in Solid Hexane Matrices
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Cyanopolyynes are known for half a century as interstellar molecules by radioastronomical
observations, being abundant in molecular clouds and circumstellar shells of a red giant. They
are believed to play a key role in the process of star formation. Spectroscopic information has
been accumulated for the linear carbon molecules in the laboratory not only for rotational
transitions but also for vibrational and electronic transitions. Recently, phosphorescence spectra
were reported for HC9N formed by photochemical association of precursory small molecules
in cold rare gas matrices.1 The observation of phosphorescence was extended to HC11N using
laser-ablated polyynes embedded in solid organic solvents as inert matrices.2 Concerning
hydrogen-capped polyynes, stability is thought to be comparable with cyanopolyynes for their
closed electronic structures. However, detection in space was thwarted by the centrosymmetric
nature of the molecule thus by selection rules of the transition in radiofrequencies.
We reported recently the measurement of phosphorescence spectra of hydrogen-capped linear
polyyne molecules, C8H2, C10H2, and C12H2, in solid hexane matrices at 20 K.3 Figure 1 depicts
a typical phosphorescence spectrum of C8H2 in the visible to near infrared regions. The major
progression of relatively sharp peaks with an increment of ~2190 cm-1 is attributable to a
symmetric stretching vibrational mode of the sp-carbon chain. Weaker features are assigned to
combinations and overtones as totally symmetric vibrational species. The excitation spectrum
obtained from the intensity of
the phosphorescence 0-1 band at
603 nm is compared with the
UV absorption spectrum in the
hexane solution to deduce a
redshift of 847 cm-1 for the
electronic states of C8H2 in the
solid hexane matrix at 20 K. The
sharp peaks diminished upon
annealing of the matrix sample
and increased upon cooling,
showing a reversible behavior of
the matrix site.
Fig. 1. Phosphorescence of C8H2 in solid hexane at 20 K.3
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