Photochemistry at Mars
(& Exoplanets)

Through Time

Danica Adams
Harvard University

September 16, 2024



Today, Mars’ atmosphere is too cold and thin to sustain surface liquid water.
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e . Mixing Ratio
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In Cool Climates: CO, +

hv > CO + 0, C0 + OH = €0, +H
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3 Early Atm ossibilities:
e CO,, H,-rich (0.1-40 Myr)
e CO,, lowH, ( <10 Myr)

* CO-runaway state (>10 Myrs)
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Cold-to-Warm Hydrocarbons?
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Evidence for Changing Redox Over Time?
The Importance of Mars Sample Return (MSR)

NASA/JPL Species Abundance Ref

S Group

SO2 0.3-2.0 wt% 3

SO3 3.3-55wt% 3
0.1 -12 wt% 1

H>S 22 — 76 ppm 3
0.003 — 0.017 wt% 1

N Group

NOs- 168 — 277 ppm 3
0.01 —0.065 wt% 1
12 — 579 nmol 2
(NO reported)

HCN ND — 83 nmol 2

CICN ND - 2.9 nmol 2

[1] Sutter et al. (2017) [2] Stern et al. (2015)
[3] Stern et al., (2018)




1 bar 90% CO, 10% N, atmosphere
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2% error floating around (lack of 33S,? Or wrong k for a 33S reaction?)
Polysulfur chemistry is ignored in these results (next step).
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. >200 km, fractionation exceeds that of >N, which is unphysical! f
2. Age of NOx Deposition Numerical error due to low concentrations? Or wrong k for °N-reaction?



1 bar, cold, 90% CO, atmos.
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Bonus Science

* S chemistry => early Venus like worlds
* 0O chemistry = Snowball Earth
* N chemistry = early Earth like worlds




Sulfuric Acid Hazes Cool Early Venus-Like Worlds
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Snowball Earth?
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N-Fixation at
Early Earth
& Exoplanets
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Questions




