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Introduction: Polycyclic aromatic hydrocarbons (PAHs) are 

known to be ubiquitous in many astrophysical environments, and 
are likely present in interstellar clouds and protostellar disks [1].  
In dense clouds, PAHs are expected to condense out onto grains 
as part of mixed molecular ice mantles dominated by small mole-
cules like H2O, CH3OH, NH3, CO, and CO2. These ices are ex-
pected to be exposed to ionizing radiation in the form of cosmic 
rays and high-energy X-ray and UV photons. 

Past laboratory studies have shown that irradiation of PAHs 
in mixed molecular ices leads to chemical functionalization of the 
PAHs’ edges.  Depending on the composition of the ice, this can 
include the addition of groups like –OH, –CH3, –NH2, –C≡N, 
extra H atoms, etc. [2].  Similar functionalization occurs when 
the original aromatic species contain heteroatoms like N in the 
PAH skeletal structure (so called PANHs) [3-6].  PANHs are 
thought to be present in space, are seen in meteoritic organics, 
and can have biological importance.  Indeed, functionalization of 
the heterocyclic molecules pyrimidine and purine can lead to the 
5 nucleobases that make up RNA and DNA, some of which have 
been identified in meteorites [7].  However, the origin of the ini-
tial heterocyclic skeletal structures of astrophysical PANHs is 
unclear.  We show that the irradiation of the aromatic molecules 
benzene (C6H6) and naphthalene (C10H8) in ices leads to the for-
mation of O- and N-heterocyclic molecules. 

Methods: Gas mixtures with compositions of H2O:benzene 
(40:1), H2O:NH3:C6H6 (40:10:1), H2O:C10H8 (200:1), or 
H2O:NH3:C10H8 (200:50:1) were each deposited on a cold sub-
strate (<20 K) to form an ice layer that was simultaneously irra-
diated with an H2-discharge UV lamp. After irradiation, the sam-
ples were warmed and any remaining residues were analyzed 
with gas chromatography–mass spectrometry (GC-MS). 

Results: Analysis of these residues showed evidence for the 
production of heterocyles with either O or N atoms in their rings, 
including quinoline and (possibly) isoquinoline (C9H7N), phthal-
ide (C8H6O2), and coumarin and isocoumarin (C9H6O2).  Experi-
ments in which 18O- and 15N-labeled starting ice components 
were used to confirm that new heterocycles were created during 
irradiation of the ices and are not contaminants.  Interestingly, 
experiments in which we introduced pyridine (C5H5N) into the 
initial ice mixtures demonstrated that the N in its ring is highly 
exchangeable with N from NH3 in the surrounding ice when ex-
posed to UV radiation.  These experiments demonstrate that het-
erocyclic molecules can be made from PAHs in astrophysical 
environments via ice photoprocessing. 
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