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Yet another exoplanet example: ultra-hot Jupiters
Graphite formation: precursor to hazes?

] 300x solar " / g solar C/d ratio " " _
S |100 mbar 7 5[ 100 mbar 1 Dissociation
These strange objects have:
[=] (=]
= o 4 = 9 y . A
£y =29 Dayside chemistry resembling
< co graphite < astar
- £ e
g 8 g8 _ . :
g g Nightside chemistry resembling
£ E Recombination aplanet
# 8 co, =8
CH, graphite
st CHe 1 st 1 Orbital
L . L . n L e Direction
02 04 06 08 1 0 1 2 3 4 L B
C/O Ratio Metallicity [Fe/H] 7y (P=10 bar)
May prevent C/O from becoming >> 1
13 Moses et al. (2013, ApJ, 777, 34) 14 Bell & 1 (2018, ApJL, 857, L20)

Yet another exoplanet example: ultra-hot Jupiters
P P P Formation history from chemical abundances?
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At these high temperatures, UHJs are expected to
be cloud-free and have atmospheres close to
chemical equilibrium. Radius / A.U.

i r Therefore, UHJs are chemically simple objects.

Key idea: carbon-to-oxygen ratio traces formation location
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Caveats: pollution of envelope, pebble accretion, migration
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Basics of atmospheric chemistry
Goals of the current lecture

¢ Introduction to basic quantities (essentially thermodynamics).
« Equilibrium chemistry versus chemical kinetics a1 X1 + ags Xy S b7y + baZo

¢ Hierarchy of equilibrium chemical systems (as coupled systems of X1 and Xo: reactants Z4 and Z»: products
polynomial equations)

* Quenching approximation (of disequilibrium chemistry)
e Equations of chemical kinetics a; and bi: stoichiometric coefficients

e Why the Line et al. (2014) inference of CO2/CO abundance ratio is

actually chemically impossible Stoichiometry:
Y VImp! e.g. one needs 1 carbon atom and 4 hydrogen atoms

to form one molecule of methane (CH4)



