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Important Processes In the

Atmosphere of Venus

Catalytic Chemical Cycles
Heterogeneous Chemistry
Middle Atmosphere Circulation

Troposphere/Middle Atmosphere
Exchange

Secular Variability
Evolution



Table 3 Chemical composition of the atmosphere of Venus

(rets Abundance” Source(s) Sinikis)
CO;  96.540.8% outgassing carbonate tormation
Nz 3.5+(.8% outgassing —
SO 150430 ppm (2242 km) outgassing & HaSO4 formation &
25-150 ppm (1222 km) reduction of OCS, ;5 CaSOy formation
H20° 30415 ppm (045 km) outgassing H escape &
30-70 ppm (0-5 km) — Fe?" oxidation
War 3 ppm outgassing [ml{‘l —
-10 = =
AT 3{]’jg ppm primordial -
CO"  45+10 ppm (cloud top) €O, photolysis photooxidation to CO,
30418 ppm (42 km)
28+7 ppm (36—42 km)
2043 ppm (22 km)
1741 ppm (12 km)
He®  0.6-12ppm outgassing (U, Th) escape
Ne 7+3 ppm outgassing, primordial —
FAr 55 ppm outgassing, primordial —
0CS® 4.4+1 ppm (33 km) outgassing & sulfate  conversion to SO;
weathering
H,S® 342 ppm (<20 km) outgassing & sulfate  conversion to SO,
weathering
HDO® 1.3+0.2 ppm (sub-cloud) outgassing H escape
HCT  0.6+0.12 ppm (cloud top) outgassing Cl-mineral formation
0.5 ppm (3545 km)
MKr 255 ppb outgassing, primordial —
SO® 20410 ppb (cloud top) photochemistry photochemistry
S gh 20 ppb (<50 km) sulfide weathering conversion to S0-
HF 5:52_5 ppb (cloud top) outgassing F-mineral formation
4.5 ppb (3545 km)
Bx%e <10 ppb outgassing, Erimurdiul —
"PXe <95 ppb outgassing ( 1) —

[Fegley, Venus, 2004]
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FiGg. 6. Schematic diagram showing the major
sources, sinks, and recychng paths for HO, and CIQO,..
Not all reactions are in¢cluded in model A.

[Yung and DeMore, ICARUS, 1982]
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Table 2: Comparison of Venus observation of column O, abundance with model

simulations.

Result Column O, (molec cm™)°
Observation(18) <1.5x 10"
Model® without CIC(O)OO included 3.05 x 10"
Model® with CIC(O)OO kinetic 2.14 x 10"
reactions
Model” with CIC(O)OO photolysis and 2.13x 10"

kinetic reactions

“Integrated from 58 km altitude to top of atmosphere.

*Described in reference 17.

[Pernice et al., PNAS, 2004]
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Table 1: IR band positions and intensities ot 2C1C(0)0O0 isolated in an argon

matrix.
trans-ClC(O)00 cis-ClC(O)O0
Expt. 2 Theor. P Expt. 2 Theor. b Assign. Mode
1902 (5.8) 2vs

1886 (60) 1864 (S0) 1824 (55) 1843 (87) vi(a')  v(C=0)

1811 (26) 2v3

1072 (2.6) 1047 (1) 1106 (17) 1093 (14) vaia’)  v(O-0])

1009 (12) 2vs

925 (100) 938 (100) 952 (37 963 (69) vala')  v(C-O)

809 (7.4) 803 (9) 637 (5.6) 633 (0) va(a')  v(C-Cl)

614 (5.7) 609 (3) 607 (3.3) 603 (4) vs(a'”)  1(CICOO:)

504 (0.9) 498 (2) 567 (6.0) 569 (7) vsla')  8(Cl-C=0)
401 (0.6) 462 (0.1) vela')  &(0O-C=0)
288 (0.3) 279 (0.5) vrla')  &(0O-C-Cl)
134 (0.017) 116 (0.2) ve(a'')

fFrequencies in units of cml; relative intensities are presented in parentheses.
FErequencies in units of c! were calculated at the CCSD(T)/ aug-cc-pVDZ level
of theory. The relative intensities (in parentheses) were calculated at the
B3LYF/aug-cc-pVDZ level of theory. The relative intensity of 100 was assigned

to the absolute intensity 402.8 km mol-1.

[Pernice et al., PNAS, 2004]
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Fiz. 1. Schematic view of the H SO, cycle in the Venusian atmosphere (Imamura and Hashimoto 1998). Cloud
particles created photochemically near the cloud top are transported poleward by Hadley circulation, being subsequently
transported downward at high latitudes and evaporating in the hot lower atmosphere. The resulting H.SO, vapor is
transported equatorward beneath the cloud by return flow and eventually ascends in the rising branch of Hadley
circulation near the eguator. Droplets that are formed in the rising air subseguently fall due to their large size and
H.50, vapor accumulates near the cloud base in the eguatorial region

Diffusion

[Imamura and Hashimoto, JAS, 2001]
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FiG. 6. (a) Mass loading distribution of cloud particles vs altitude
and size in the nominal model. (b) Profile of the cloud mass mixing
ratio in the nominal model compared to measurements by the Pioneer

Venus LCPS.
[Imamura and Hashimoto, JAS, 2001]
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Vertical velocity in ems™ for diabatic circulation in the middle atmosphere of Venus
(Crisp. 1983).
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Vertical velocity in ems™ for residual circulation in the terrestrial middle atmosphere
computed using NCEP input data for January 1985 (adapted from Fig. 1a, Jiang et al.
2004).



Parameter Earth Venus Jupiter
Orbital Distance (AU) 1 0.723 5.203
Radius (km) 6378 6052 71492
1 Day 1 day 243 days 10 hr
| Year 365 days 225 days [ 1.86 yr
Atmosphere 77% N, 96% CO, 93% H,
21% O, 3% N, 7% He
Escape Velocity (kms™) 1118 10.36 59.5
Surface Gravity (ms?) 9.81 8.87 23.1
Axaal Tult (%) 23.5 177.4 3
Eccentricity of orbit 0.017 0.007 0.048




Table 4 Isotopic composition of Venus™ atmosphere

Isotopic Ratio®  Observed Value Method
D/H 0.016 + 0.002 Pioneer Venus (PV) MS”
(L0719 = (0.006 [R spectroscopy
e/ He <3%10 PV MS
“c/Pe 8o+ 12 [R spectroscopy
B3+ 1.6 Venera 11/12 MS
NN 273 + 56 PV MS
"COMO 500 + 25 PV MS
300 =+ &0 [R spectroscopy
Ne/Ne 11.8+ 0.6 Venera 11/12 MS
HNeNe <0.067 Venera 11/12 MS
PC1ACl 29403 IR spectroscopy
A Ar 545+ 0.1 PV. Venera 11/12 MS
WAL e Ar 111+ 0.02 PV. Venera 11/12 MS

Source: Lodders and Fegley (1998). Wieler (2002).
*No isotopic compositions are available for Kr and Xe on
Venus. "MS = Mass Spectrometer

[Fegley, Venus, 2004]
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FiG. 1.—Photoabsorption cross sections of HCIl and DCIl in the 135-
232 nm region.

[Bahou et al., AJ, 2001]
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FiG. 2.—Comparison of photolysis rates (in units of cm™ s™') of HCI and
DCI 1in the atmosphere of Venus based on the model of Yung & DeMore
(1982). The HCI rate 1s taken from their model C. The DCI rate i1s computed
by replacing the cross sections of HCI with those of DCI as measured in
Fig. 1. The integrated rates are 7.74 x 10" and 1.27 x 10" em > s™".

[Bahou et al., AJ, 2001]
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