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Introduction:  Photochemistry initiated by solar
radiation and electron impact from Saturn’s magneto-
sphere drive the rich and complex chemistry of Titan’s
atmosphere. This chemistry leads ultimately to the
polyaromatic hydrocarbons and nitriles that constitute
Titan’s haze and that condense onto the surface.[1-3]

Traditional laboratory approaches to investigating
these processes have involved use of electrical dis-
charges or UV radiation on simulated atmospheres
followed by analysis of the complex chemical prod-
ucts. In some cases, direct investigation of the under-
lying reactions has been pursued, although generally
not under collisionless conditions in which the primary
reaction products may be determined unambiguously.
We have initiated a series of photochemical studies as
part of a comprehensive investigation of the elemen-
tary reactions responsible for haze formation on Titan.
These ion imaging studies are all undertaken on cold,
isolated molecules in molecular beams, with the pri-
mary reaction products determined along with their
translational energy distributions. The experimental
measurements are then interpreted with the aid of high-
level ab initio calculations to characterize the relevant
potential energy surfaces. We have examined both
neutral photochemistry relevant to Titan’s stratosphere,
and ion photochemistry providing insight into iono-
spheric chemistry. We will provide an overview of
these results as sketched below.

Photodissociation of diacetylene and diacetylene
dimer:  In the first series of studies, we examined the
photochemistry of diacetylene, C4H2, at wavelengths
from Lyman-α to 243 nm.[4] These were followed by
time-resolved pump-probe studies to examine the life-
time of the metastable triplet state of diacetylene that
has been invoked as a potentially important reactant in
Titan’s stratosphere.

We will then present results for photodissociation
of diacetylene dimer. The results show that UV photo-
dissociation of the weakly bound dimer readily init i-
ates atomic hydrogen loss and atomic hydrogen trans-
fer reactions forming two prototypes of resonantly sta-
bilized free radicals, C4H3 and C8H3, respectively.
These structures represent hydrogenated polyynes,
which can neither be synthesized via traditional photo-
dissociation pathways of the monomer nor via hydro-
gen addition to the polyynes. The photodissociation
dynamics of mixed dimers involving acetylene, diace-

tylene and other trace constiutents represents an over-
looked reaction class that the potential to synthesize
more complex, resonantly stabilized free radicals, con-
sidered to be major building blocks to polycyclic aro-
matic hydrocarbons in Titan’s low-temperature atmos-
phere.

Photodissociation of cyanoacetylene:  Sliced ion
imaging studies of H loss processes in cyanoacetylene
[5] at 121.6 and 243.2 nm are nearly identical, sug-
gesting that the 243.2 nm photodissociation is the re-
sult of a two-photon process. The translational energy
distributions are consistent with barrierless dissociation
from the ground state. The results at 193.3 nm are
quite distinct, showing up to half of the available en-
ergy in translation, implying dissociation with an exit
barrier. The 193 nm dissociation is ascribed to disso-
ciation on the S1 potential energy surface. The theo-
retical calculations show significant rates for H loss on
the ground state at 193 nm, and significant branching
(>40%) to CN + CCH at 157 nm and higher.

Imaging ion photochemistry: A new direction in
our work involves investigation of the primary photo-
chemistry of state-selected ions relevant to Titan. Cas-
sini INMS data has shown protonated HCN is the most
abundant ion in Titan’s ionosphere[5], but the under-
lying formation mechanisms are not clear. Our ex-
perimental and theoretical observations show that hy-
drogen loss from CH3NH2

+  has two channels; one
giving rise to the triplet species CH3NH+, while the
other product is CH2NH2

+. The latter then decomposes
further to form the HCNH+. H2 loss from CH3NH2

+  has
only one channel, yielding CH2NH+. This species fur-
ther loses H to form HCNH+.  The branching ratio of
the H, H2 and H+H 2 loss channels is found to be 4.2: 1:
2.5. This is ascribed to the fact that, at these energies,
the H loss has one stable triplet product channel while
most of the H2 loss product further decomposes to
HCNH+.
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