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INMS Spectra of Benzene and Toluene
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Benzene is Distributed in Diffusive Equilibrium
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Derived Mole Fractions on a Constant Pressure Surface
Pass Latitude Longitude SZA  zl X1 z0 X0
(deg) (deg)  (deg) (km) (km)

T5 75.3 98.9 1289 1038.6  2.19+0.01x10” 987.4 1.4+0.6x10°
T16  87.7 1523  108.4 953.2 4.03+0.05x10°° 968.8 2.2+0.1x107°
T18  76.6 12.6 92.9 972.3 3.78+0.08x10° 988.6 2.7+0.2x10°
T19  66.4 4.8 83.9 1021.4  9.63+0.07x107’ 994.8 2.4+0.2x10°
T21  46.4 99.2  127.0 1020.8  8.91+0.82x10” 1004.4 1.5£0.2x10®
T23  33.9 1.0 54.8 1019.8  4.48+0.06x10° 1006.0 6.7+1.1x10°
T25 27.6 174 164.2 1004.7 1.02+0.04x10° 1006.3 9.9+0.4x10”
T26  25.7 1.8 155.4 991.9 3.47+0.01x10® 1006.3 2.8+0.1x10°
T27  39.0 0.4 1463 1025.7  2.64+0.01x10° 1005.9 4.7+0.2x10®
T28  46.8 1.3 141.1 994.8 5.40+0.06x10° 1004.3 4.5+0.1x10°
T29 547 2.8 135.1 985.3 5.50+0.02x10° 1001.4 3.9+0.1x10°
T30 623 5.7 128.6 974.1 6.96+0.19x10° 997.2 4.2+0.2x10°
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Benzene is formed by recombination of H and C,H. on the
walls of the instrument
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Benzene has an extremely large photolysis rate.
hv + CsH; — C,H: + H
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To create benzne at high altitudes requires that
molecules react before they diffuse away.

Diffusion time, ty ~ H4/D~1400 sec.

Benzene must be built up from reactions among
simpler species. Assume 5 seguential reaction with

CH4, require reaction rate is

k ~ 5/N(CH )ty ~ 5x10-10 cm3s-1
Assume 3 sequential reactions with C,H, species,
required reaction rate Is

k ~ 3/N(C,H, )ty ~ 2x10° cm3s-1

These values are typical of ion reactions, much faster
than typical neutral reaction rates.




Benzene is synthesized by chemistry in the ionosphere

CH,4 » CH, » CHs C,H,
Eh
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Results from a 1D Photochemical equilibrium model for
Titan’s ionosphere, A.
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Titan’s ionosphere, B.

Results from a 1D Photochemical equilibrium model for

- Implied column
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Model for the background atmosphere

Eddy Diffusion Coefficient (cm?®s™")
106 10> 10* 10°  10° 10" 10°  10°

L L
1400 § {107
L \ .
L \ _10-6
1200 [ N
AN {1078
—~ 1000} AN
£ \ {107
o 800F S ; 1107°
o AN :
S : CH, . N, K lip-2 0
ﬁ 600 [- l10-
400 | 110°
3 l10*
200 -_ ............. T \\\ _102
...................... \\\ _103
(o) I L | . \ . \ . | . L L~ 110

10° 10® 10! 10 10" 10'® 10'® 10%°
Density (cm™)

Bk - - - : R L



Hydrocarbon chemistry and diffusion rates are constrained
by Cassini observations
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Distribution of Radicals in Titan’s Atmosphere
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lonospheric and neutral photochemistry produces the
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Summary & Conclusions
Yy . ]
The spectra and altitude dependence of the
INMS signal indicate atmospheric benzene.

* The time behavior suggests surface
chemistry on chamber walls.

* The large C;H; photolysis rate implies that
[CsH:)/[CgHg] ~4, consistent with walll
chemistry hypothesis.

 The observed C;H, can be explained as a
result of ionospheric chemistry.

 CiHg Is destroyed by reaction with radicals,
creating heavier aromatics, that, eventually
condense and fall to surface.
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