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Abstract tude would follow the typical profile for a polyatomic
ion rather than a neutral molecule and that it might be
Following the first detection of hydrogen isocyanide located mainly in the ionosphere with a peak of abun-
(HNC) in Titan’s atmosphere, we have devised a new dance around 1200 km [10].
neutral chemical scheme for hydrogen cyanide (HCN)
and hydrogen isocyanide (HNC) in the upper atmo- 2 Photochemical scheme
sphere of Titan. To improve the chemistry of HNC and
HCN, a careful review of the literature has been per- Since the neutral composition of the atmosphere is a
formed to retrieve critical reaction rates and to evaluate prerequisite for ionospheric models, it is of prime im-
their uncertainty factors. We have also estimated the portance to study carefully the neutral processes lead-
reaction rates of 48 new reactions using simple captureing to the production and loss of both HCN and HNC.
theory. Our photochemical model gives abundancesin this present study, we have therefore focused on the
of HNC and HCN in reasonable agreement with ob- reactions which are essential for the study of HCN
servations. An uncertainty propagation study shows and HNC, either because they are important for the
large uncertainties for HNC. A global sensitivity anal- neutral production of these two species and/or loss or
ysis pinpoints some key reactions to study as a priority because they contribute significantly to the uncertain-
to improve the predictivity of the model. In particular, ties on their abundances. To improve the chemistry
our knowledge of the isomerization of HNC via the of HNC and HCN, a careful review of the literature
reaction H + HNC— HCN + H and the chemistry of  has been performed to retrieve critical reaction rates

H>CN needs to be improved [9]. and to evaluate their uncertainty factors, which might
) be quite sizeable the low temperatures found in Ti-
1. Introduction tan’s atmosphere [6, 8]. Our updated chemical scheme

) ) ) ~ contains 137 compounds and 788 reactions (including
It was first hypothesized that hydrogen isocyanide g1 photodissociation processes). The reaction rates
(HNC) could be formed by the dissociative recombi- 4t 48 of these reactions have been estimated using
nation of HCNH® in Titan's upper atmosphere where  gimpje capture theory. The complete list of the reac-
it might be detectable and might also play a partin (ons is available upon request or can be downloaded

the formation of more complex nitriles found on Titan .o the Kinetic Database for Astrochemsity (KIDA
[10] . Recently, observations of Titan performed with http://kida.obs.u-bordeaux1.fr).

the HIFI heterodyne submillimeter instrument aboard

the Herschel Space Observatory [5]), allowed the first . .

detection of HNC in Titan’s atmosphere [11]. These 3. Uncertalnty propagatlon and
measurements suggest that the bulk of this emission Sensitivity analysis

must originate at altitudes above 300 km. However,

the observations cannot strictly establish a HNC verti- The methodology used to study the propagation of un-
cal profile [12]. It was argued that HNC was likely to certainties in the model is described in details else-
be formed almost entirely by an ion-molecule mech- where [7, 8]. For this present study, we have focused
anism and that neutral formation pathways were not exclusively on its chemical sources through the un-
viable [10]. As a consequence, it was suggested thatcertainties of the photodissociation and reaction rates.
the concentration profile for HNC as a function of alti- These uncertainties originate in their experimental or



theoretical determination, and are generally quantified abundance predicted by photochemical models is cur-
by a standard deviation or a relative uncertainty. Be- rently strongly limited by the poor knowledge of some
cause of the profoundly non-linear nature of the photo- reaction rates, especially the isomerization reaction H
chemical model and the potentially large uncertainties + HNC — HCN + H. Further studies of the reactivity
displayed by many parameters, a linear uncertainty of H,CN with H and the reactivity of N{D) with HNC
propagation is not expected to produce valid results and HCN are also very important. Our study does not
[4]. Propagation of distributions by Monte Carlo sam- mean that ion-molecule mechanisms are not relevant
pling is better adapted to such problems [1]. to produce HNC but it shows that neutral reactions are
competitive processes in the upper atmosphere.
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struct a chemical scheme as complete as possible. We

have shown that a purely neutral source is efficient

enough to produce HNC and HCN in the upper at-

mosphere of Titan in agreement with current observa-

tions. We have shown that the precision on the HCN



