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Mothballs in Space? 
 
Abstract: Polycyclic aromatic hydrocarbons (PAHs) – organic molecules carrying fused benzene rings – are 
regarded as key molecules in the astrochemical and astrobiological evolution of the interstellar medium. 
Nevertheless, the formation mechanism of even their simplest prototype - naphthalene (C10H8) - has remained 
an open question. Classical reaction mechanisms involving hydrogen abstraction – acetylene addition (HACA) 
sequences involve substantial entrance barriers and, hence, can only operate in environments holding elevated 
temperatures of typically a few 1,000 K such as in combustion flames. In cold interstellar clouds like TMC-1 
with inherent temperatures as low as 10 K, the HACA reaction mechanism cannot function, since entrance 
barriers (classical ‘activation energies’) cannot be overcome. This talk reviews novel low temperature reaction 
mechanisms, how aromatic molecules such as naphthalene can be formed in the gas phase through the 
reaction of two neutral molecules. Specifically, crossed molecular beam experiments coupled with electronic 
structure calculations depicted that the simplest PAH - naphthalene - can be formed in the gas phase via a 
barrier-less and exoergic reaction between the phenyl radical (C6H5) and vinylacetylene (CH2=CH-C≡CH) invol-
ving a van-der-Waals complex and submerged barrier in the entrance channel. Our finding challenges 
conventional wisdom that PAH-formation only occurs at high temperatures and implies that low temperature 
chemistry can initiate the synthesis of the very first PAH in the interstellar medium. In cold molecular clouds, 
barrier-less phenyl-type radical reactions could propagate the vinylacetylene-mediated formation of PAHs lea-
ding to more complex structures like phenanthrene and anthracene at temperatures down to 10 K. 
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