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The structure of planet-forming disks

Henning & Semenov 2013
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Planet-forming disks
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ISM D-molecules are
reprocessed (D/H < 10-3)
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Ceccarelli+2014, PPVI [Adapted from: Bergin et al. 2007 + Caselli & Ceccarelli 2012 +
Dullemond et al. 2007 + 2010 + Oberg et al. 2011 + Semenov 2011]

See also, e.g., Willacy et al. 1998, 2000; Aikawa et al. 2006; Vasyunin et al. 2008, 2011;
Woitke et al. 2010; Kamp et al. 2011; Walsh et al. 2012, 2013, Albertsson et al. 2014



ALMA imaging of the CO snowline of HD163296
Mathews+2013
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The youngest protostars show very large
deuterations, especially of organic molecules
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Cazaux et al. 2011; Taquet et al. 2012
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D/H in organics overall larger than in water
D/H in water D/H in organics
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See also: Nomura, Furuya, Cordiner, Charnley, Alexander, Nixon, Guzman,Yurimoto, Tsukagoshi, lino 2022, PPVII



Comets also show significantly larger D-fractions
in organic molecules than in water
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D/H in carbonaceous chondrites and IDPs

Hydrated silicates and hydrous carbon:
D/H ~ 1.2-2.2x10* (Robert 2003), similar
to terrestrial oceans.
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15N fractionation




Differential >N enhancement between nitrile- and amine-

bearing interstellar molecules. No correlation with D-frac.
Hily-Blant et al. 2013
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See also: Wampfler+2014 for protostars (HCN/HC'SN~150-400),
Guzmdn+2017 for planet-forming disks (HCN/HC!>N~80-160)



ISN excess in primitive SS material

Maps of 3D and 3'"°N
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I5N-fractionation: the old picture

The key fractionation reactions are
(Rodgers & Charnley 20083, b;
Terzieva & Herbst 2000):

“N+ PNYNH" + AE,

UN + “NPNH* + AE,

At low temperatures, they drive
5N into molecular nitrogen upon
dissociative recombination (Molek
et al. 2007).




5N fractionation models
have been challenged by
Roueff et al. (2015), who
performed quantum
chemistry calculations
and found energy barriers
for important reactions
(marked by “X“in figure).

—> no significant :°N
enhancement predicted

for HCN and HNC and still
problems with N,H* .

From Wirstrom & Charnley 2017
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I>N-antifractionation in NoH*
within pre-stellar cores is still a puzzle
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I5N-antifractionation in N2H* drops
in protostellar objects
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Agreement with Loison+2019 theory (faster dissociative recombination for 5N

N,H* isotopologues — but why??)
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A very early origin of isotopically distinct nitrogen in
inner Solar System protoplanets
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Complex cyanides and the comet-like
composition of a protoplanetary disk
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More evolved (Class Il) disks and their chemical structure
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Also more evolved planet-forming m
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Meridional flows in disks can feed planet
atmospheres of volatile-rich material
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The effect of snowlines on C/O planetary atmospheres
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The challenge to go
from an exoplanet
observation to an
atmospheric elemental
abundance
measurement
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cessing  planet formation, dust coagulation, gas dispersion atmospheric composition, chemistry  formation, chemical evolution
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