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Abstract
We investigate the effects of three different scenarios
for the formation of volatile species in protoplanetary
discs on the chemical composition of planets formed
in the solar system. The main objective of this work is
to provide valuable theoretical data on chemical com-
position for models of planet formation and evolution,
and future interpretation of chemical composition of
solar and extra-solar planets. To do this, we com-
bine the results of models of planet formation and ice
formation in protoplanetary discs to obtain the chemi-
cal composition for planets in stellar systems of solar
chemical composition.

1. Introduction
Solar and extrasolar planets are the subject of numer-
ous studies in order to determine their chemical com-
position and internal structure. The determination of
the chemical composition of planets is important as it
governs partly their potential habitability. Moreover,
observational determination of chemical composition
of planetary atmospheres is becoming available, es-
pecially for transiting planets. Different models are
developed to understand the processes at play, espe-
cially for volatile species (whose condensation tem-
perature is lower or equal to that of the water). The
present works aims at determining the chemical com-
position of volatile species in planetesimals and plan-
ets formed in stellar systems with the composition of
the solar nebula, using these different models. The
main objective of this work is to provide valuable the-
oretical data of chemical composition for models of
planetesimals, comets, planet formation and evolution,
and future interpretation of chemical composition of
solar and extra-solar planets. It is also an opportu-
nity to compare the different models using the same
set of initial physical conditions. To do this, we use
different models of formation of volatile species [1-

3], starting from different initial chemical assumptions
(atoms, or gas species, or ice species) and which al-
low us to calculate the chemical composition of plan-
etesimals and planets for different surface densities
of discs, the insolation (irradiated and non irradiated
discs), and the initial abundance of elements (atoms or
volatile species).

2. Method
We compute the chemical evolution of solids and
volatiles in a viscously evolving protoplanetary disc
using a large chemical network [2,3]. We probe the
effects of the assumed initial reservoirs (atomic or
molecular) and the effect of including irradiation by
the central star, on the final molecular abundances. We
consider three different disc masses across the mass
regime. The results of our simulations are used as an
input into a planet population synthesis code [5] and
the resulting compositions of planets are compared
with those determined using model in which chemistry
during evolution is not considered [4].

2.1. Computation of ices in planetesimals
Starting from volatiles in the gas phase, in the solid
phase, or as gas-phase atoms in the disc, models of
chemical composition of grains in discs [2, 3] pro-
vide the chemical composition of planetesimals every-
where in the disc for several volatile species such as
H2O, CO2, CO, CH3OH, CH4 , NH3, N2, and H2S,
and for different initial surface densities. The abun-
dances of solids is determined by the relative rates
of "freeze out" or condensation of volatiles onto dust
grain mantles to thermal "desorption" or sublimation.
In this way, the locations of ice lines of important
volatile species are determined as a function of time.
We include dissociation of ice species by UV pho-
tons generated internally by cosmic rays and grain-
surface reactions between reactive radicals within and
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on the ice mantle. Thus, we also consider the chemical
processing of ices as the protoplanetary disc evolves
which depends on the ionization rate in the disc mid-
plane.

2.2. Computation of volatiles species in
planets

In order to determine the chemical composition of
planets, we consider several planetary systems as-
sumed to emerge from a protoplanetary disc, whose
initial density profile, mass and lifetime, is different,
and follows, as much as possible, observational char-
acteristics (see [5,6]). The model of planet formation
[4, 5] allows us to determine the formation pathway of
the ten initial embryos in the disc and their growth dur-
ing their migration for the three different surface den-
sities of discs, and for different initial distances to the
star. We combine the results of the planet formation
model, which provides the amount of planetesimals
accreted by every planet as a function of the distance
to the central star, with the chemical composition of
planetesimals and gas everywhere in the disc to derive
the composition of planets.

The abundances of gas species are computed us-
ing a large gas-phase chemical network based on the
UMIST Database for Astrochemistry (McElroy et al.
2013). Both neutral-neutral and ion-neutral reactions
are considered, the latter of which is also depen-
dent on the assumed ionisation rate in the disc mid-
plane. Volatiles can also be ionised and dissociation
via cosmic-ray-induced UV photons. The depletion
of volatiles from the gas phase onto icy grain man-
tles depends also on the relative rates of freeze out and
desorption. Thus we can probe whether the evolving
conditions in the disc affect the relative abundances of
volatiles in the gas phase which are then incorporated
into planetary atmospheres.

3. Results
Preliminary results without grain-surface chemistry
suggest that the final abundances at a time of 2 Myr
are sensitive both to the assumed initial abundances
(whether atomic or molecular) and the evolving con-
ditions. The partitioning of C/N/O into different
volatiles by 2 Myr varies as a function of radius and
time. For example, we find that H2O ice reaches a
lower abundance at 10 AU when starting with atomic
abundances (roughly 10% that when starting with
molecular abundances) because the gas-phase forma-
tion routes to water are less efficient than grain-surface

(or in-situ) formation. The results of all simulations
will be used in a planet population synthesis model to
test if chemical evolution during the disc lifetime has
an effect on the resulting composition of planetesimals
which in turn are the primary reservoirs of C/N/O in-
corporated into planetary atmospheres.

Acknowledgements
This work has been supported by the Swiss National
Science Foundation, the Center for Space and Habit-
ability of the University of Bern and the European Re-
search Council under grant 239605. EvD, CW, and CE
are supported by A-ERC grant 291141 CHEMPLAN
and an NWO Veni award (grant 639.041.335). MD is
supported by a Huygen’s Fellowship from Leiden Uni-
versity.

References
[1] Marboeuf, U., Thiabaud, A., Alibert, Y., Cabral, N., and

Benz, W.,A&A, 570, A35, 2014

[2] Walsh, C., Nomura, H., Millar, T.J., and Aikawa, Y.,
ApJ, 747, 114, 2012

[3] Drozdovskaya, M.N., Walsh, C., Visser, R., Harsono,
D., and van Dishoeck, E.F., MNRAS, 445, 913, 2014

[4] Marboeuf, U., Thiabaud, A., Alibert, Y., Cabral, N., and
Benz, W., A&A, 570, A36, 2014

[5] Alibert, Y., Carron, F., Fortier, A., Pfyffer, S., Benz, W.,
Mordasini, C., and Swoboda, D., A&A, 558, A109, 2013

[6] Mordasini, C., Alibert, Y., and Benz, W., A&A, 501,
1139, 2009


