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Atmospheres of the Solar System

Giant planets
Primary atmospheres (H,, He, CH,...)
Little evolution (no surface, little escape)

Terrestrial planets (Earth, Venus, Mars, Titan)
Secondary atmospheres (CO,/ N,, N,/ O,, N, / CH,)
Outgassed and strongly evolved (escape, surface interaction)

Tenuous atmospheres (Pluto, Triton, lo, Enceladus)

In equilibrium with surface ices or internal sources

Exospheres (Mercury, Moon, other Galilean satellites)
Solar flux or solar wind action on surfaces
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Table 1.3 List of three most abundant gases in planetary atmospheres. Mixing
ratios are given in parenthesis. All compositions refer to the surface or 1 bar.

Jupiter H, (0.93) He (0.07) CH4 (3 x 1079)

Saturn H, (0.96) He (0.03) CH4 (4.5 x 1075)

Uranus H, (0.82) He (0.15)

CH, (2.3 x 1072)

Neptune H, (0.80) He (0.19) CH4 (1-2x107%)

Titan

Triton

Pluto

To

N, (0.95 — 0.97)
N, (0.99)

N, (7)

SO, (0.98)

CO; (0.95)
CO; (0.96)

N, (0.78)

CHs (3.0 x 1072)
CHy (2.0 x 107%)
CH; (?)

SO (0.05)

N, (2.7 x 107%)
N3 (3.5 x 1072)

0, (0.21)

Hy (2 x 1079)
CO (< 0.01)

Co (7)

0 (0.01)

Ar (1.6 x 1072)
SO, (1.5 x 1071)

Ar (9.3 x 107%)
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At the relevant T, NH; is the
thermodynamical equilibrium form of N
- In principle NH;/ H, gives the N/H
ratio

... but PH3is NOT the equilibrium
form of P

Competition between chemical
destruction and vertical convective
transport

Quench level : where t ., ~ t,,,

Occurs at T ~1200 K for phosphine

- Observed PHj;abundance still gives

P/H ratio !
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Molecules detected on
Titan by INMS (=1100 km)
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FIG. 1. Schematic diagram of physical processes included in the coupled
chemical-aerosol microphysical model.




The uppermost clouds form a curtain

and by day reflect sunlight back to
dazzle us. By night, however, we
become voyeurs able to peep into
the backlit room behind

D. Allen, Icarus, 1987

H;* on Jupiter
FTS/CFHT, R=
25000

Bézard et al.
1989
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1Mars

R ~100000

Detection of H,0O
on Mars (Spinrad
et al. 1963) at
0.82 micron:

“Watershed” discovery
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* Detection of CO (1968) * Detection of O, 1.27 emission in 1976
0, (1971), and O, (1972) - tracer of ozone (and not vice versa!)

Ly = Lol O3+ hv —p O(ID) + Oy(aiA,)
*O+0+M > 02 220 nm < < 320 nm excited state

*O, + O + M 20,

*H,0 + h v=> OH +H —

*CO+ OH = CO, + H Oy(atag) —» 0(X3%) +(hv)

(stability of atmosphere) T~ 3850 s

*OH 2 HO, 2 H,0, O(a'ag) + CO, —p O5(X3Zy)+ CO;
(not detected before 2005) O, emission at 1,27 um k~ 1020 cm3 -

Quenching factor

RQ-1 ° }3«-%'""“
San
Noxon et al. 1974‘
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