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Abstract

Polycyclic aromatic hydrocarbons (PAHS) are organic
molecules containing adjacent aromatic rings. Infrared
emission bands show that PAHs are abundant in space,
but only a few specific PAHs have been detected in the
interstellar medium. We detected 1-cyanopyrene, a
cyano-substituted derivative of the related four-ring PAH
pyrene, in radio observations of the dense cloud TMC-1,
using the Green Bank Telescope. The measured column
density of 1-cyanopyrene is ~ 1.52x10"* cm™2, from

which we estimate that pyrene contains up to 0.1% of
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Polycyclic aromatic hydrocarbons (PAHs) are organic molecules containing adjacent aromatic

rings. Infrared emission bands show that PAHs are abundant in space, but only a few specific PAHs
have been detected in the interstellar medium. We detected 1-cyanopyrene, a cyano-substituted
derivative of the related four-ring PAH pyrene, in radio observations of the dense cloud TMC-1, using
the Green Bank Telescope. The measured column density of 1-cyanopyrene is ~152 = 10% cm™2, from
which we estimate that pyrene contains up to 0.1% of the carbon in TMC-1. This abundance indicates
that interstellar PAH chemistry favors the production of pyrene. We suggest that some of the
carbon supplied to young planetary systems is carried by PAHs that originate

in cold molecular clouds.

he infrared spectra of many dust-rich as-

tronomical objects are dominated by a

st of emission bands, historically known

as the unidentified infrared (UIR) bands

(1. Despite the name, the carriers of the
UIR bands are widely accepted to be polveyclic
aromatic hydrocarbons (PAHS), a class of or-
ganic molecules (2, 3). The UIR bands have
been observed in objects at many stages of the
stellar life cyele, specifically in regions illumi-
nated by hot stars or the interstellar radiation
field, which are called photon-dominated re-
gions (PDRs). The UIR bands have been assigned
tovibrational modes of large PAHSs (those with
=35 carbon atoms) whose stability to ultraviolet
(UV) radiation means that they are expected
to survive even under harsh interstellar condi-
tions (4). Although the UIR bands do not iden-
tify specific PAH molecules, they demonstrate
that PAHs are ubiquitous organic compounds in
space. The intensity of the UIR bands indicates
that ~10 to 25% of all carbon in the interstellar
medium (ISM) of the Milky Way 1s incorporated
into PAHSs (1, 4, 5, 6).
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PAHs are also present in meteorites classi-
fied as carbonaceous chondrites, which are
material left over from the formation of the
Solar System (7). They have also been found in
samples collected from comets (8) and asteroids
(8). Laboratory isotopic analysis of asteroid
PAHSs has shown that at least some of them
formed in the cold ISM (10). Potential forma-
tion mechanisms include kinetically con-
trolled mass growth processes, where the rate
of formation determines the products that form
(rather than the relative thermodvnamic sta-
bilities) (11). PAHs could alternatively form in
high-temperature (~1000 K) regions, such as
circumstellar envelopes around evolved stars
(12), but it remains unclear whether PAHs are
inherited from these regions into molecular
clonds. Small PAHs (those with <35 carbon
atoms) are expected to be destroyved by shock
waves, cosmic rays, and UV photons faster than
they can be injected from circumstellar enve-
lopes into the ISM (13). Contrary to this predic-
tion, small two-ring PAHs have been observed
in the cold interstellar cloud TMC-1, which is
part of the wider Taurus molecular cloud com-
plex. These include 1- and 2-cyvanonaphthalene
(14), indene (15, 16), and 2-cyanoindene (I7).
Three of those molecules contain a cyano (=CN)
group attached to one of the hydrocarbon rings,
which makes the molecule easier to detect with
rotational spectroscopy (see below).

Pyrene is a PAH containing four aromatic
rings that is particularly stable; once formed, it is
difficult to destroy (18). This theoretical expec-

dicate that pyrene formed in cold interstellar
environments (10). Some low-temperature mech-
anisms to form naphthalene have been proposed,
but conventional chemical models have so far
been unable to reproduce its inferred abun-
dance (27, Quantifying pyrene in cold molecular
clouds could therefore constrain low-temperature
PAH formation mechanisms that impact the
chemical form in which carbon is carried to
subsequent stages of stellar evolution.

Searching for 1-cyanopyrene in TMC-1

We analvzed radio observations of TMC-1 with
near-continuous coverage from approximately
8 to 36 GHz. The data were collected with the
100-m Robert C. Byrd Green Bank Telescope
(GBT) as part of the GBT Observations of TMC-1:
Hunting Aromatic Molecules (GOTHAM) proj-
ect (22). A molecule must have a permanent
electric dipole to be detected with rotational
spectroscopy. Most PAHs have a small or zero
dipole moment, so they cannot be readily ob-
served with radio astronomy, but their pres-
ence can be indirectly inferred by searching
for chemically related molecules. Laboratory
experiments have shown that CN-functional-
ized aromatics can be used as efficient proxies
when searching for their pure hydrocarbon
counterparts that do not possess permanent
dipole moments (23, 24).

Pyrene is the smallest PAH in which all rings
are connected to at least two others (termed
compact or pericondensed). Substituting a
~CN group for one of the H atoms of pyrene
forms cyanopyrene (C-H,N), which has a large
permanent electric dipole moment and is po-
tentially observable with radio spectroscopy.
Three distinet cyvanopyrene iSOmers are possi-
ble (Fig. 1), but no published laboratory rota-
tional spectroscopy was available for them.
We performed theoretical gquantum chemical
calculations (26) of the lowest-energy isomer,
l-cvanopyrene (25), finding predicted perma-
nent dipole moments of p, = 4.8 D and p, =
2.3 D along the a and & components of its
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