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Abstract

Sulfurous acid (HSO3) has never been characterized or isolated on Earth. This is caused by the unfavorable conditig§©fowithin
Earth’s atmosphere due to the high temperatures, the high water content and the oxidizing environment. Kinetic investigations by means of
transition state theory showed that the half-life {303 at 300 K is 1 day but at 100 K it is increased to 2.7 billion years. Natural conditions
to form HySO3 presumably require cryogenic $0r SOG/H,O mixtures and high energy proton irradiation at temperatures around 100 K.
Such conditions can be found on the Jupiter moons lo and Europa. Therefore, we calculated IR-spe&fgafiich we compared with
Galileo’s spectra of lo and Europa. From the available data we surmise 484&)Hs present on lo and probably but to a smaller extent on
Europa.
0 2003 Elsevier Inc. All rights reserved.
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1. Introduction ation products S@and HO. Besides the thermodynamic
instability, Li and McKee (1997) demonstrated theoretically
Annually more than 100 millions of tons of sulfur are that H,SO; is catalytically destroyed by water molecules
emitted into Earth’s atmosphere. The majority of this sul- decreasing also the kinetic stability. This process becomes
fur is released as sulfur dioxide ($Por dimethyl sul- stronger with an increasing number of water molecules
fide (DMS), which is subsequently oxidized in a multistep HoS H0 > S DH-0
process to S@ (Graedel and Crutzen, 1994). Next, 80O ' 2 O3 +nH20 = SO + (n + DH20.
is oxidized almost completely to $Qvhich is finally hy- However, similar to HSG; also carbonic acid (5#COs)
drated to sulfuric acid (b5Qy) (Stockwell and Calvert, has long been believed to be a substance that is not character-
1983). However, it is quite remarkable that even though izable because of its thermodynamic and kinetic instability.
most of the sulfur species in atmosphere pass the stage olvet, in the 1990s it was not only possible to prepare car-
SOy, the hydration product of SOsulfurous acid (HSQ;s) bonic acid (Moore and Khanna, 1991; Hage et al., 1993;
has never been found. In comparison, other acid anhydridesBrucato et al., 1997) but also to show its remarkable kinetic
such as S@ or N,Os (Wayne, 1991) are hydrated in at- stability (Hage et al., 1998; Loerting et al., 2000). Differ-
mosphere despite relatively high barriers for these reactionsent studies revealed, thabB803 is presumably present on
(Chen and Moore Plummer, 1985; Akhmatskaya et al., 1997; Mars, in comets, and probably in interstellar icy grains (Bru-
Hanway and Tao, 1998; Loerting and Liedl, 2000; Voegele cato et al., 1997; Hage et al., 1998). The kinetic stability
et al., 2003). of Ho,COs was demonstrated by sublimation and reconden-
Thermodynamically it is well documented thap$0z sation studies of carbonic acid (Hage et al., 1998) and by

is unstable by a few kcal mot compared to its dissoci- transition state theory considerations (Loerting et al., 2000).
Important requirements that favor the kinetic stability of car-

bonic acid are low temperatures and low humidity, otherwise
E-mail address: andreas.voegele@uibk.ac.at (A.F. Voegele). gg&??’ IS Catalyéllca”y destroyed by water (Loerting et al.,
1 present Address: Department of Earth, Atmosphere and Planetary Sci- ) comparable to $50s.

ences, Massachusetts Institute of Technology, 77 Massachusetts Av., Cam- Considering the .similar find_ings betweerp(l?:@ and
bridge, MA 02139-4307, USA. H2S0s, one may think of conditions under which, 503
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is stable and in a next step characterizable as it was alreadytunneling occurs by using a series of straight line connec-
possible for HCOs. In a recent study we have investigated tions between reactant and the product valley in the reaction
the kinetic and thermodynamic properties gf30; and we swath. The large curvature ground state approximation ver-
have shown that a sulfurous acid dimer is thermodynami- sion 4 (LCG4) (Fernandez-Ramos and Truhlar, 2001) was
cally stable (Voegele et al., 2002). In this study, we reanalyze used. The approximation that best describes tunneling is de-
the stability of HSOz in more detail in comparison with  termined according to the microcanonical optimized multi-
H,>CQO;s. Conditions that favor the formation and existence of dimensional tunneling (LOMT) method. As a result we ob-
H,SG0; are discussed. Additionally, we deduce spectroscopic tained unimolecular reaction rate constants with tunneling

properties of HSO; which we compare with available spec-  correctiongXoM ™ VTST,

troscopic data from our solar system and provide evidence From the obtained unimolecular reaction rate constants,

for the existence of p50s. which assume that the reaction complex has already formed,
we calculated higher-molecular rate constants for the mech-
anisms which include formation of the preassociation-

2. Methods complex:

The details of the calculations and methods have beenH250s +H20 = H2S05-H20 = SO; + 2H,0, (1)
presented elsewhere (Loerting et al., 2000; Loerting and H2SO3 4 2H20 = H2S03-H20 + HoO
Liedl, 2001; Voegele et al., 2002), here we briefly sum- = SO, + 3H,0, )

marize the concepts. Stationary points were calculated by
hybrid density functional theory B3LYM-31+ G(d) and H2S05 4 2H20 = H2SG;3 - (H20)2 = SO, +3H0. - (3)
B3LYP/6—31G(d) (Stephens etal., 1994). The nature of the Similarily the reverse reactions, i.e., the hydration reactions
stationary points was confirmed by vibrational analysis. Sad- of SO,, were calculated. These reaction rate constants are
dle points were optimized with the three-structure quadratic obtained according to our previous studies (Loerting and
synchronous transit guided approach (Peng et al., 1996). Re-iedl, 2000; Voegele et al., 2003):
actant, product, and transition state were also calculated with
the high-level method G3//B3LYP (Baboul et al., 1999).
This method is accurate within 0.99 kcal mblaverage ab- ~ with KPr3sSrepresenting the preassociation constant for
solute deviation compared to an experimental test set of forming the complex. The rate constat was converted
299 energies which was taken from the G2/97 set. The maxi-into correct units by multiplication with the factof =
mum deviation in this test set was 3.8 kcalmbIThisrange ~ (1.363 x 1072?T)" cm® atm’*. With the VTST approach
of deviation has to be considered when discussing the re-there is no difference from the kinetic point of view between
sults. mechanism (1) and mechanism (2), since for a VTST cal-
Variational transition state theory (VTST) including tun- culation only information of the reaction complex and the
neling corrections was applied to calculate reaction ratestransition state are used. VTST defines the “free” or not com-
(Eyring, 1935; Truhlar, 1995). The potential energy sur- plexed water molecule to be infinitely far away, so there is
face (PES) was calculated by hybrid density functional no influence of this molecule on the calculation.
theory B3LYP with the 6-31 G(d) basis set which is Stationary points were calculated with the Gaussian98
a good description of the PES for our purpose (Marker program package (Frisch et al., 1998) and VTST calcu-
et al., 1997). The minimum energy path, which is the path lations were performed with Polyrate9.0 (Corchado et al.,
of least energy connecting products and reactants, was de2002b) and Gaussrate9.0 (Corchado et al., 2002a). Vibra-
scribed in internal mass-weighted coordinates using thetional frequencies were determined at the MP2/aug-cc-
Page—Mclver algorithm (Page and Mclver, 1988) at a step pVTZ (Mgller and Plesset, 1934; Dunning, 1989) level of
size of 0.05 am¥/? bohr. Vibrational analysis was performed theory. These harmonic frequencies were multiplied by a
every third step. The PES was interpolated to the high-level scale factor to better account for anharmonic effects (for
G3//B3LYP points according to an interpolation scheme both considerations see Table 2).
which also maps the harmonic frequencies and moments of Half-lives of HSO; and HCOs were calculated from the
inertia onto the high-level data (Hu et al., 1994; Chuang reaction rate constants of decomposition. The investigated
and Truhlar, 1997). Quantum mechanical corrections were Systems are either the free acid, the monohydrate or the di-
applied to the VTST result using the small-curvature tun- hydrate. In all cases the decomposition reaction is described
neling (Baldridge et al., 1989) and large-curvature tunneling as a unimolecular reaction. To determine the half-livgs
corrections (Liu et al., 1993; Fernandez-Ramos and Truh- we used the unimolecular rate constants of the VTST ap-
lar, 2001). SCT is considered by means of the centrifu- proach (cLﬁMT’ VTST) and converted it according to the for-
gal dominant small curvature semiclassical adiabatic groundmula (Atkins, 1994)
state tunneling method according to the concept of Marcus In2
and Coltrin (Marcus and Coltrin, 1977; Skodje et al., 1981; f1/2= ~OMT, VTST"
Baldridge et al., 1989). The LCT correction assumes that uni

ky = Kpreas%uOMT, VTST (4)
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3. Resultsand discussion 10 h, respectively. A second water molecule (1:2 complex)
lowers the half-lives to 10 us and 120 s, respectively. How-

We have investigated the half-life 0%80s as a function ever, at 100 K the stability of $¥80;3 is as high as 2.7 billion

of temperature and as a function of the water concentra-years which is four orders of magnitude more stable than

tion and compared it with $COs. In detail, the reactions  the 0.18 million years of HCOz at room temperature. At

of HoSO; with n =0, 1, and 2 water molecules in the tem- 150 K the half-life of BSQ;z is still more than 3 million

perature range 75-350 K were investigated according to theyears which is more than enough for characterization since

mechanisms H>CO;3 could experimentally be shown to be stable for quite

a long period at room temperature (Loerting et al., 2000).

H2S03 — SOz + H20, ) Formation of the SO hydrates turned out to be energeti-
H2S0; + H20 — SO, 4 2H20, (6) cally favored by at least 9.9 kcal mdi for the monohydrate
H,S0; + 2H20 — SO, + 3H,0. (7) compared to SOz + H20; higher hydrates are even more

favored. We were not able to locate a barrier between the
separated molecules and the complex so we surmise that
complex formation is barrierless. The rate of formation is

A detailed characterization with reaction mechanisms, re-
action rates, isotope effects and tunneling contributions is

pre_rsre]:ntedtellste?whef:e (Voegefle et .aI., 200.2)' i therefore controlled diffusionally and depends mainly on the

'ne catalylic influence ot an increasing water concen- present water concentration. Considering the reverse reac-
tration is enormous. Whereas the decomposition reaction; HSOs-H20, — H2S0s + nH20 (complex dissoci-

. . n

of pur?_ Fbsb@ in thf S%bgekncel nondlw?r:er.(rftlaactlon (:f-’)) has ation) which seem barrierless, the rate constants of these
a reaction barrier ot 514 kca » the Influence otone o5 ctions can only be estimated from the energy differences
catalytic water molecule Ipwers the barr.ler (reaction (6)) to and the diffusional limit. From this considerations we calcu-
17.4 kealmot ™. In a reaction complex with a second water | o hat the reaction rate consta}f" for n = 1 is around
molecule (reaction (7)), the barrier is only 9.0 kcal moht <109 s (at 100 K) which is clomparable to the rate

the G3//B3LYP level of theory. B
. i ) constant of HSQO;3:1H,0 decomposition into SO+ 2H,0
Figure 1 shows the expected half-life 08105 as a func (complex decompasition) with VJST of 4x 10-11s1 For

tion of temperature and depending on the number of Waterhi her hydrates complex decomposition predominate over
molecules in the vicinity of the system. For comparison, the 9 ya > comp P P :
complex dissociation due to two effects. First, formation of

half-life of H,COgs is also shown for the same reaction mech- higher hvdrat | ) ically f d and th
anisms. Relatively, the stability of4$0; increases slightly ﬂ:g ;r y .re}['e COTp .exles IS egerge Lﬁa %/h a\éore an i us
more with increasing temperature than ofG0s. Never- o f0 N R or higher hycrate complexes mak
thel the half-life of [ lly af foo. ! : X S i ]
eless, the half-life of KO, is generally a few orders o ing this type of reaction more important. Considering higher

magnitude smaller. At 298 K, for instance, the half-life of than first order reactions makes an evaluation possible to find
bure FSOs Is 24 h, whereas of ¥CO it is 180000 years. out whether it is possible that such higher complexes form.

Inthe presence of water (1:1 complex of$0s:H,0 and of Also the reverse consideration is possible to evaluate how
H>CO3:H20, respectively) the half-lives lower to 3 ms and X . .
2C0sHz P y) fast the complexes dissociate (see Table 1). Knowing the

15640% water and the S@concentration allows to find out which
pure ... complexes are present.
1107 |-

e B Considering the findings on the half-life of,BGs, it
becomes clear that Earth’s atmosphere does not provide con-

ditions where it is possible to isolate,H03;. While the

half-life of 24 h for pure HSO; would be enough for iso-

1x10%°

g‘*"’ lation, the catalytic influence of water prohibits the exis-
2 110" tence of this molecule (Voegele et al., 2002). Additionally,
Earth’s atmosphere has a very high oxidation potential and
1x10° oxidants like the®OH radical react with S@at very high
. rates to form higher oxides of sulfur (Lee et al., 1990;
110 Wayne, 1991). Besides, intuitively one might expect that
O S E B s H>SOs might form by the reaction of SO+ H20, how-
%0 100 150 2R 20 800 30 ever the rate of this reaction is not competitive with the
rate of SQ oxidation (Loerting and Liedl, 2000) and it is
Fig. 1. Comparison of the half-lves of4$0; (solid lines) and HCO, energetically disfavored as indicated in Fig. 2. The barrier

(dotted lines) as a function of temperature. “Pure” stands feB®} or . . L . )
H,COg3 alone, whereas the numbers beside the lines indicate the ratio for this hydratlon reaction Is very hlgh and one cannot pre

of HpSO3H,0 and HCOg:H20, respeciively. (The hali-lives were re- ~ SUMe this reactipn to proceed. Thus, required co'n(.jitions to
computed from the data taken from Loerting et al. (2000) foCBy3 find sulfurous acid are low temperatures, low humidity and a

and from Voegele et al. (2002) for 4803 according to the formula nonoxidizing environment which are clearly not present on
t1/2 =In2/kVTST)
1/2 /K ani Earth.
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Table 1

Reaction rate constants including formation of the reaction complex (a) for the formation of the sulfurous acid hydrate complexes followedakigrdissoc
into an SQ-water complexes (i—iii), and (b) for the formation of the S@ater complexes followed by formation of the sulfurous acid hydrate complexes
(iv=ix)

Reaction Rate constarit, Units
i a+w=aw— b2w 587 x 10742 cm® moleculel s—1
i a+2weaw +w— b2w+w 5.87 x 1042 cm® moleculel s71
ii a+2w= a2w — b-3w 586x 1044 cmP molecule 251
iv b+w=bw-—a 123x 10772 cm® moleculel s—1
v b+2w=bw+w—a+w 1.23x 10772 cm® moleculel 571
Vi b +2w=b2w — aw 252x 1071 cmP molecule 251
vii b+ 3w=bw+ 2w — a+ 2w 123x 10772 cm® moleculel s—1
viii b+ 3w b2w+w — aw +w 252x 10771 cmP molecule 21
ix b + 3w = b-3w — a2w 6.36 x 1079 cm® molecule 3 s~1

In reactions (i), (v), (vii), and (viii) one or two water molecules are only observers and thus do not contribute to the overall mechanism. Syrib&&sa
b= S0, w=H0.

strated but the relatively high temperatures (Noll et al., 1997)

1070 _ make formation and existence 0p8&O; unlikely.
On Europa, a cold and icy Jupiter moon with tempera-
10" - tures as low as 90 K (Urquhart and Jakosky, 1996), large
amounts of sulfur, mainly in the form of SQOsulfate rock,
107 7 and HbSOy were found. These sulfur species are believed to

have two different origins. On the one hand, it is supposed
that sulfur compounds come from the inner core of Europa.

peni _ On the other hand, itis assumed that relatively large amounts
of sulfur are transported from Jupiter’s inner satellite 1o to
10" . the atmosphere of Europa. Part of this sulfur is deposited as
H2SOy, MgSQy, and NaS0Oy (Cheng, 1984; Kargel, 1998;
10 T T e s s 7 hoo 556300 McCord et al., 1998; Carlson et al., 1999)
T The overall amount of SQis not very high on Europa
Fig. 2. Linearized representation of the equilibrium constRf for for- and it is difficult to guess whether the present conditions
mation of SOz from SO, and HO. At 100 K the standard state free  are promising for the existence of sulfurous acid. In spite
energy for the reactionAG9) is 6.0 kcalmot! and at 150 KAGP? is of very large water concentrations compared teSfe ex-

1
76 kealmor ™= (see also Voegele et al. (2002)) tremely low temperatures of 90 K in some regions would

allow the existence of y50; for a considerably long pe-

Several solar system bodies like planets and/or theirsriod (see Fig. 1). Figure 1 also reveals that the effect of a
satellites have more or less dense atmospheres that als¢owering in the half-life becomes smaller with an increas-
contain sulfur species. Venus, for instance contains almosting number of water molecules. This is the case for both
the same concentrations of $@nd HO (Esposito, 1984;  H2S0; and H:COz and has been investigated in detail for
Na et al., 1990), but has a low concentration of oxidants. H2COs (Tautermann et al., 2002). Extrapolating this effect
So in principal the reaction of SO+ H,0 to form H,SO; for H,SO3 means that at 100 K the half-life 0f30; should
would be possible. Yet, Venus' atmosphere is extremely be in the range of days, even itHO;z is embedded in bD.
dense and the temperatures there are very high with sur-This period should be sufficient for characterization. Ad-
face temperatures of up to 720 K (Wayne, 1991) caused by aditionally, supposing that $80;3 is present at the surface
strong greenhouse effect (Solomon et al., 1999; Prinn, 2001).and in the gas-phase, we will not expect it to be surrounded
Therefore, possibly present,BO; would decompose im- by many water molecules as is the case in liquid solution.
mediately. However, if SOz is present on Europa at all then only

A closer look at the jovian satellites reveals that at least in cold regions with temperatures around 90 K and not in
three of the four “galilean” satellites, namely Europa, Cal- “hot” regions around 140 K. Still it remains to be clarified
listo, and lo, contain measurable amounts of sulfur in their how sulfurous acid might form on Europa. Experiments that
atmospheres (Showman and Malhotra, 1999). A better partsuccessfully produced €03 help us to evaluate suitable
of Callisto’s surface is covered by water-ice and Callisto conditions. In these experiments pure £LGO;/H20 mix-
experiences strong temperature fluctuations (Showman andures or HC@ samples were irradiated by proton or high en-
Malhotra, 1999). The presence of S@as been demon- ergy irradiation to provide the necessary activation energy to
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Table 2
Fundamental infrared harmonic vibrational frequencies i trof H2SO3
Vibration H,SO3 SOy-monohydrate Se
Unscaled Scaled "I Unscaled Scaled | Unscaled Scaled |
(cm™1) (cm™1) (cm™1) (em™1 (em™1 (cm™1)
V] 369888 351394 118 392682 373048 85 130565 124027 139
v 3697.16 351230 54 38034 361308 18 109940 104443 16
v3 125452 119179 174 162811 154670 73 49345 46878 24
V4 1107.90 105251 13 130900 124355 154
Vg 108230 102819 59 111188 105629 19
Vg 77961 74063 156 50080 47576 25
vy 76925 73079 355 243%66 23148 10
vg 48456 46033 16 21712 20626 172
Vg 44202 41992 45 12960 12312 57
V10 407.47 38710 114 10284 9770 53
V11 33961 32263 30 8937 8490 42
V12 12550 11923 20 1953 1855 2

The vibrations were determined at the MP2/aug-cc-pVTZ level of theory. Unfortunately, ab initio vibrational frequencies iesprcially for higher wave
numbers are larger than the frequencies observed experimentally (Scott and Radom, 1996). Thus, the harmonic frequencies are usually msdiipéied by a
factor f that accounts for anharmonic effects. For Mgller—Plesset theory, th¢ leatound 0.95 (Scott and Radom, 1996). Therefore, frequencies multiplied
by f are entitled “scaled”, whereas the raw data are entitled “unscaled”. These values can be seen as lower and upper limits, respectively. Staleld values s
be used for higher frequencies, whereas unscaled values should be more accurate for lower frequencies.

* 1: intensity in km mot1,

form H,COs (Moore and Khanna, 1991; Hage et al., 1993; implies a mechanism where the=O double bond is dis-
Brucato et al., 1997). On Europa £ most likely present  rupted in CQ; a similar mechanism might occur for SO

as a hydrate (S&H,0O mixture) or probably as a bisulfite  The presence of SGhydrates would allow the same mech-
ion (HSQG;). Similarly, the present high energy and proton anism to form HSO; as described for Europa to a small
irradiation on Europa could provide the necessary activation extent.

energy to form HSOsz (Cooper et al., 2001). However, since Whether or not HSO;s is present on lo or possibly on
sulfur is only a minor constituent of Europa, only very small Europa can at the moment only be verified spectroscopi-
traces of HSOz might be present. Itis, however, unlikely at  cally. The proposed mechanisms by whicsS@; might be

the moment to identify such small amounts of30; with formed can also only be testified by experiments in combina-

currently available technology. tion with spectroscopic methods. Therefore, we determined
Jupiter’s innermost of the galilean satellites, lo, is covered the harmonic infrared-frequencies of sulfurous acid which

by a compact layer of sulfur-compounds, mainly.S@earl are summed up in Table 2. Additionally, we provide theo-

et al., 1979). This crust shows much resurfacing due to aretical spectroscopic data for 3@nd SQ-monohydrate for
high rate of volcanism but most of all due to the high gravita- comparison with the experimental results. Nash and Betts
tional forces lo encounters from Jupiter (Smith et al., 1979). (1995) and Khanna et al. (1988) performed detailed spec-
lo is the driest of the four galilean Jupiter moons and tem- troscopic studies of SOphases at conditions comparable
peratures around 90 to 100 K are discussed in nonvolcanicto those present on lo. For $@te fundamental vibrations
regions (Pearl et al., 1979). The low water content and the where determined to be at 1305, 1134, and 522%r@on-

low temperatures make lo an ideal environment fe6Bs. sidering that ab initio harmonic frequencies tend to be too
Additionally, at the conditions present on lo formation of the large at higher wave numbers and slightly too small at low
H>SOs hydrate is unlikely. First, the water concentration is wave numbers (Scott and Radom, 1996), the agreement be-
very low and secondly, the rate 0hHO3;-H,O decomposi-  tween theoretical values (unscaled) and experiment is quite
tion into bSOz + H20 is comparably fast to decomposition good. Moore (1984) performed proton irradiation studies
into S& + 2H,0. Whereas in contrast to Europa the forma- at low temperatures on Séce films which were charac-
tion of H,SO3 from SOy/H,0 is less likely on lo, thereis an-  terized by IR spectroscopy between 2900 and 400%cm
other possible route via dry SOFormation of HSO; might Moore (1984) proposed that SGand a few other com-

be accomplished in a similar manner as Brucato et al. (1997)pounds are formed. Clearly, 3@& formed under these con-
synthesized carbonic acid from pure £y proton irradia- ditions. However, after irradiation new bands were observed
tion. Incoming protons hit the surface and are incorporated which were assigned partially tentatively and reconsidera-
into the SQ crust (Cooper et al., 2001). This bombardment tion might be useful, namely those at 1205-1215, 1072, 750,
with energy and protons provides enough energy that reac-and 468 crmi®. The region of the experimental spectrum be-
tions that form HSQ; are facilitated. Brucato et al. (1997) tween 1150 and 1300 cmh is poorly resolved and consider-
demonstrated in their proton irradiation experiment of,CO ing the strong background of these data, one cannot exclude
that the reaction products are mainlg®0D3 and CO. This v3(H2SOs) to be present there. Unfortunately, andvs of
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H2SG; are in the same region as of SOp. Still, the bandat  acid was synthesized by high energy and proton irradia-
1072 isin thevs(H2SOs) region and can serve as a firstindi-  tion of cryogenic CQ/H>O mixtures (Moore and Khanna,
cator. The new, very broad, and strong band at 750%cm  1991) or of pure solid C®(Brucato et al., 1997), and pro-
compared to unirradiated $Qs also in good agreement tonation of bicarbonate and carbonate (Hage et al., 1993;
with vg andv7(H2S0s). Similarly, the 468 cm! band hasa  Hage et al., 1998), conditions that are presumably present
shoulder, which is in good agreement witf(H2SGOs). Ad- on Mars and on comets, similar conditions should allow for-
ditionally, considering the findings of Nash and Betts (1995) mation of HSO; and are present on lo and on Europa. The
it is probable that the used $@amples of Moore (1984) lifetimes of HLbSO; on these satellites are considerable long
are different to the conditions present on lo. However, for a and due to the high proton/irradiation impact there should
really authentic assignment, spectra with higher resolution be a steady state between formation and decomposition.
are needed in the full range of 300-3800¢mvhich would The incoming particle flux (e, H) which is around 16-
also includevy, v, v11, andvyo. 108 cm=2s~1 (Cooper et al., 2001) allows only an upper

To analyze whether $8Qs is present on Europa or lo, limit estimation for HSO; formation. However, with the
we investigated the available IR spectra of the two satellites. physical and chemical properties present on lo we surmise
The currently best available data for Europa and lo were that sulfurous acid might be present and detectable there;
obtained by Galileo’s near-infrared mapping spectrometer sulfurous acid might be present in traces on Europa but it
(NIMS) (Carlson et al., 1996, 1997, 1999; Lopes-Gautier will be hardly detectable with current technology.
et al., 2000). These measurements are in the wavelength re-
gion 15000—3500 cmt for Europa and 4000—2000 crhfor
lo. Relative to the fundamentals o803, we are restricted  Acknowledgments
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