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Today's Outline

« Compare with ou
+H20, CO, CO2,

«+ Hydrocarbons?
« Sulfur, Nitrogen
«+Lessons from SO




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
Saturn
Uranus
Neptune
Titan
Triton
Pluto

Io

Mars
Venus

Earth

H, (0.93)

H, (0.96)

H, (0.82)

H; (0.80)

N3 (0.95 — 0.97)
N; (0.99)

N2 (7)

SO, (0.98)

COz (0.95)
CO2 (0.96)

N (0.78)

He (0.07)

He (0.03)

He (0.15)

He (0.19)

CH, (3.0 x 107%)
CHy (2.0 x 107%)
CH, (7)

SO (0.05)

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

0, (0.21)

CH,4 (3 x 1079)
CH,y (4.5 x 107%)
CH,4 (2.3 x 107%)
CH4 (1 -2 x 107%)
Hy (2 x 1079)
CO (< 0.01)

co (7)

O (0.01)

Ar (1.6 x 1077%)
S0z (1.5 x 107%)

Ar (9.3 x 1077)
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net

2x[CO +hv—> C + Q]
2x[C+H,+ M — 3CH, + M]
3CH, + 3CH,— C,H, + 2H
C,H,+H+M - C,H, + M
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2x[ O + H, - OH + H]

2x[ OH + H, —» H,0 + H]
2x[H+H+M — H, + M]

2CO + 3H, —» CH, +2H,0
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Properties of hot planets

 Radiative lifetime varies as T-3

 Chemical lifetime could as exp(-B/T)

e Transport time varies as R/U



| he Result: First Longitudinal |emperature
Profile for an Extrasolar Planet

Figures from Knutson et al. 2007b, Narure 447,
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Circular case

Parameter GI1581b Gl581c GI581d
P [days] 5.3687+0.0003 12.931+0.007 83.4+0.4
T | JD-2400000] 52999.99+0.05 52996.74+0.45 52954.1+£3.7
e 0.0 (fixed) 0.0 (fixed) 0.0 (fixed)
V [km s™'] -0.2115 £ 0.0001

W [deg] 0.0 (fixed) 0.0 (fixed) 0.0 (fixed)
K [ms™'] 1242 £ 0.19 3.01+0.16 2.67+0.16
(; SIn i [107° AU] 6.129 3.575 20.47
f(m) (1071 M] 10.66 0.365 1.644
Mo SIN i [Mup] 0.0490 0.0159 0.0263
Mo SIN i IMs] 15.6 5.06 8.3

a |AU] 0.041 0.073 0.25
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Common photochemistry: hundreds of molecules,
thousands of reactions

Similar Processes: Catalytic cycles, evolution,
hydrodynamic escape, thermal inversion
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Properties of HD 209458b

“Best known” planet

— First discovered transiting planet (Henry et al. 2000)
— First atmosphere detection (Charbonneau et al. 2001)
— First exosphere detection (Vidal-Madjar et al. 2003)

Orbiting HD 209458 GOV-type star
— ~0.05 AU or 3.5 days

Inclination angle ~85°
Radius 1.54 R; and mass 0.68 M,






Chemical processes

e Chemical composition different from that
of Jupiter

— CO and H,0 are abundant; CH, not abundant
« UV radiation a lot more enhanced

— Can break up more molecules

— Boost subsequent chemical reactions

* Performing photochemical calculation for
HD 209458b




One-dimensional photochemical
model

e Solving mass continuity equation
- %‘F%:P—L-
ot oz '

— on. D K oT (1+«)D. +K
=——1(D.+K,_)-n(—+—%)—n ! Z1+nw.
gpl az ( | ZZ) I(Hi Hatm) | az[ T ] | |

- KZZ — KOXn'Y, y ~ 0-5

 Temperature profile from thermochemical
calculation

 Chemical reactions from, for example, Yung and
DeMore (1999)




