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SULFUR PHOTOCHEMISTRY AT THE SHOEMAKER-LEVY 9 IMPACT SITES 
J. I. Moses (LPI), M. Allen (CaltechiJPL), and G. R. Gladstone (Southwest Res. Inst) 

The collision of Comet PJShoemaker-Levy 9 (SL9) with Jupiter caused many new molecular species to be 
injected into the Jovian upper atmosphere. These species derive from highly processed cometary material and 
tropospheric Jovian air that were modified during the impact explosion, subsequent fueball, and re-entry shock 
("splashdown") of the plume back into the upper atmosphere. We have modeled the photochemical evolution of 
the sulfur species that were introduced into the Jovian stratosphere by the impacts. We now discuss the important 
photochemical processes, identify the major reservoirs for the sulfur, and make predictions concerning the 
temporal variation of the sulfur species. 

Photochemical Model. Our model is based on the Jovian hydroarbon photochemical model of Gladstone et al. 
[I], but we have updated the hydroarbon photochemistry and have added sulfur, nitrogen, and oxygen reactions. 
Our model now contains 144 chemical species and over 900 reactions. We use the S2, CS2, CS, and H2S column 
abundances observed by the Hubble Space Telescope Faint Object Spectrograph [2] as our initial conditions for the 
sulfur species, and we assume that oxygen species remain within the upper limits derived by that analysis. Since 
the sulfur species are not being continually replenished in the stratosphere, they will eventually diffuse or rain out 
into the troposphere. Due to a lack of information at this time, we assume that the background atmospheric 
structure and eddy diffusion coefficients are similar to those in the unperturbed Jovian stratosphere. Uncertainties 
in reaction rates and initial conditions render our calculations approximate; the results should not be regarded as 
definitive. Further details are given in Moses et al. 131. 

Results. The initial sulfur abundances change with time as photochemical reactions are initiated. Table 1 
demonstrates the temporal variation of several of the ,more interesting species. The most abundant sulfur 
compound observed immediately following the impacts is diatomic sulfur (S2). S2 is quickly lost by photolysis in 
the upper atmosphere and by the formation of larger sulfur molecules in the lower atmosphere. In the middle 
stratosphere near 0.03 mbar, the 3-body reaction S + S + M + S2 + M (where M represents any third body) 
balances the S2 photolysis, and S2 is efficiently recycled. Thus, we find that a significant amount of S2 remains 
several months after the impacts (see Table 1 and Fig. 1). Carbon diiulfide (CS,) dissociates into CS + S, where - 
80% of the sulfur atoms form in the ID excited state and the rest in the 3~ ground state. The S('D) reacts 
efficiently with H2 to form SH + H. CS2, like %, is not lost from the middle stratosphere as fast as its photolysis 
lifetime (8.2 hours at lC5 mbar) would indicate (see Fig. 2). Instead, CS2 is partly recycled and is also formed 
indirectly during the photolysis of S2. Carbon sulfide (CS) is produced directly by CS2 photolysis and indirectly by 
several different reaction schemes whose ultimate source is S2 photolysis. Very few reactions are efficient at 
removing CS from Jupiter's stratosphere (see Fig. 3). The hydrogen sulfide (H2S) lifetime against photolysis is 1.8 
days at 1c5 mbar. H,S is not efficiently recycled (see Fig. 4) and is rapidly lost from the stratosphere. 

A close examination of Table 1 will reveal that nitrogen-sulfur species are important reservoirs for the sulfur (and 
for the nitrogen [4]). This result is one of the most speculative of our paper. In our model, HNS radicals are 
produced through the reaction of atomic S with NH2 (produced from ammonia photolysis), and NS radicals are 
formed from several HNS reactions. Isothiocyanic acid (HNCS) is produced from the reaction of CS and MI2. 
Since neither of these reactions have been studied in laboratories here on Earth, we were forced to estimate their 
reaction rates. In addition, we have not included photolysis loss mechanisms for these species. Our predictions are 
therefore tentative; searches for these species at ultraviolet, infrared, and longer wavelengths will be useful in 
distinguishing the importance of these and other reactions. 

The dark aerosol particles that were visible at the impact sites immediately following the impacts [5] probably 
consist of silicates, metal sulfides or oxides, andor organic debris the formed thermochemically in the impact or 
re-entry shocks. Our calculations show that elemental sulfur (S,) should be a major component of the aerosols 
after the first few hours. 

Summary and Conclusions. Sulfur photochemistry at the SL9 impact sites will be rapid and complex. Condensed 
S8 is the major reservoir for sulfur in the first few hours after impact, but CS and nitrogen-sulfur species become 
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important after several days. The observed condensates should be rich in sulfur. The photochemical model 
predictions from Table 1 can be used in conjunction with observations to shed light on important photochemical 
processes in the post-impact Jovian stratosphere. 

References: [l] Gladstone et al. (1995), in preparation; [2] Noll et al. (1994), Bull. Am. Astron. Soc., in press; [3] 
Moses et al. (1995a), submitted to Geophys. Res. Lett.; [4] Moses et al. (1995b), submitted to Geophys. Res. Lett.; 
[5] West et al. (1995), submitted to Science. 
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Figures 1 - 4: The evolution of 
S2, CS2, CS, and H2S. The 
solid lines show our assumed 
initial abundance, the dashed 
lines show the mixing ratio after 
9 hours, the dot-dashed lines 
after 3 days, and the dotted lines 
after 30 days. The thinner lines 
at the bottom right of the CS7, 
and H7S figures indicate the 
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saturation mixing ratio. None 
of these species condense. 


