
F O R M A T I O N O F C O M E T S : C O N S T R A I N T S F R O M T H E A B U N D A N C E 

O F H Y D R O G E N S U L F I D E A N D O T H E R S U L F U R S P E C I E S 

D. DESPOIS 1 , J. CROVISIER 2 , D. BOCKELEE-MORVAN 2 and P. COLOM 2 

1 Observatoire de Bordeaux, B.P. 89, 33270 Floirac, France 
2 Observatoire de Paris, Section de Meudon, F-92195 Meudon, France 

Abst rac t . Recent determinations of H 2 S and other sulfur compounds abundances in comets and in Orion 

KL bring new tests of the origin of cometary matter. 

According t o one of the two scenarios of cometary m a t t e r format ion ( Y a m a m o t o 1991 ; 
Despois 1992), cometary composit ion should m a t c h closely t he composi t ion of interstel lar 
m e d i u m ( ISM). Recent observat ions of sulfur compounds provide new very useful tes ts ; sul-
fur, a l though not a b u n d a n t , presents the advan tage t h a t most ma jo r S species are observed, 
whereas crucial C and N species like C H 4 and N2 are a t present still i ll-known. 

Comet results are summar ized in Table I. Rad io mill imetric observat ions of the two 
br igh t comets Aus t in (1989cl) and Levy (1990c) have b rought t h e first detect ion of H2S 
(Colom et al. 1992 ; Crovisier et al. 1991). Opt ica l observat ions of SO and SO2 in Aust in 
and o the r comets (Kim and A 'Hea rn 1991) have resul ted in very low l imits , corresponding 
t o abundances lower t h a n t h a t of H2S by 2 t o 3 orders of m a g n i t u d e . Also noticeable is the 
high variabili ty of S2 be tween comets - well detected in comet IRAS-Araki-Alcock (1983 
VI I ) , i t is absent otherwise t o very good l imits (A 'Hearn 1992) ; th is cont ras t s with the 
l imi ted variat ion encountered usually in mothe r molecules. CS2 is t he proposed pa ren t for 
CS ; wi th H2S th is would be t he main cometary sulfur species (Roe t tge r 1991). T h e two 
last species are no t well known : OCS limits need to be improved ; t he lifetime of H 2 C S is 
no t const ra ined : if shor ter t h a n t h e assumed 3300 s a t 1 AU, higher H2CS abundances in 
t h e nucleus are possible. 

Due t o t he pauci ty of available observat ion, t h e very complex Orion KL region is at 
present t h e main source of d a t a for abundances ra t ios of S species in the ISM. It includes 
a t least 4 (spat ia l as well as spectral) components : Hot Core, P l a t eau , Ex tended and Com-
pac t Ridges. Minh et al. (1990) have found very high H 2 S abundances in bo th Hot Core 
and P l a t eau . However only in the Hot Core, where grain man t l e evaporat ion has been sug-
gested (e.g. Walmsley 1989), is H2S much more a b u n d a n t t h a n sulfur oxides, whereas in 
t h e p la teau , where shocks from outflows are believed t o play an i m p o r t a n t role, thei r abun-
dances are comparable . Regarding models of IS chemistry, t he [H 2 S] / ( [SO]+[S02] ) ra t io is 
usually be tween 0.1 and 10. Only grain surface chemist ry models show a net t endancy for 
higher [H 2 S] . 

Is H2S in o ther IS region frozen in grain man t l e s ? T h e t en ta t ive detect ion of solid H2S 
t owards W 3 3 A a round 3.9 \L has raised some controversy as well on observat ional grounds 
(Smi th 1991 ; Geballe 1991) as in the in te rpre ta t ion (Al lamandola 1992). T h e level of 
present de t ec t i on /uppe r l imits is on t he order of wha t is seen in comets , when compared 
t o H 2 0 . 

T h e resemblance of cometary and Hot Core ra t ios , together wi th results from state-
of- the-ar t IS chemistry, t end t o suggest a possible role of grain surface chemist ry in the 
format ion of cometary m a t t e r . A simple process could be t he t ransformat ion of most a tomic 
sulfur in to H2S when sticking on grains , th rough recombinat ion wi th incoming H a toms ; 
a tomic S is t h e dominan t sulfur carrier in IS chemistry models (Millar and Herbst 1990). 

459 

P. D. Singh (ed.), Astrochemistry of Cosmic Phenomena, 459-460. 
© 1992 IAU. Printed in the Netherlands. 

https://doi.org/10.1017/S0074180900090689 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900090689


460 

S 2 
H 2 S SO S 0 2 CS (CS 2 ) OCS H 2 CS 

Austin (1989cl) <0.05 2.7 <0.05 <4 0.5 — _ 

Levy (1990c) - 2 - <2.5 - <2 <1 
P/Halley <0.3 - <0.2 <0.02 0.3-2.5 <7 -
IRAS-A.-A. (1983 VII) 0.2 - <0.005 <0.001 - - -
Others - - <0.2 <0.01 1 - -

Orion Hot core _ 1000-5000 <20 <24 _ _ _ 

Orion Plateau - 1000-4000 520 520 22 52 -
Orion Compact Ridge - - - - - 3.3 1.6 
Orion Extended Ridge - 1.5 <0.9 <3.3 2.5 - -
TMC1 - 0.7 5 <1 10 2 3 

TABLE I 
Abundances of S species. Comets : relative production rate Q / Q # 2 o in units of 10~ 3 . See Crovisier 
et al. 1991 for references. ISM : relative column densities N/Njy 3 in units of 10~ 9 . Data from Minh 
et al. 1990, Blake et al. 1987, Millar and Herbst 1990 ; see also Guelin et al. 1990, Turner 1991. 

In addi t ion to chemistry, the presence of H2S provides cons t ra in ts on the history of 
cometary m a t t e r th rough its low subl imat ion t e m p e r a t u r e . For pure H 2 S , at the typical 
densi ty of 1 0 1 3 , it is abou t 57 K ( Y a m a m o t o 1985). H2S and CO are t hus the most volatile 
pa ren t species directly identified in comets . It is very i m p o r t a n t t o s tudy t h e more realistic 
case of ice mix tures ; l abora tory work should precise t e m p e r a t u r e cons t ra in ts deduced from 
the presence of H2S when sticked on o ther ices. 

T h e s tudy of sulfur bear ing species br ing thus several i m p o r t a n t new abundance rat ios 
t o test theories of the origin of cometary m a t t e r : H 2 S / H 2 0 , H2S / (SO+SO2) , H2S/CS. 
More d a t a is clearly needed bo th in comets to improve the s tat is t ics and in interstel lar 
space towards regions forming sun-like s ta rs . 
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