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Introduction: Frozen water and non-ice materials
dominate the surfaces of the icy satellites orbiting Jupi-
ter and Saturn [1,2,3,4]. Observations by spacecraft
and earth-based telescopes have also discovered a few
additional materials at lower abundances. Of these,
carbon dioxide is one of the most prevalent, having
been detected over much of Callisto, Ganymede, Iape-
tus, Phoebe, and to a lesser extent on Europa, Ence-
ladus, Dione, Hyperion, and Saturn’s F-ring
[5,6,7,8,9,10,11,12,13]. On Ganymede and Callisto
the molar CO, abundance is estimated to be ~ 0.1 %
[14,15,16]. However, its physical state and origin re-
main only partly understood.

In an attempt to address the question of how it is
held in these satellites’ surfaces, we have measured the
infrared (IR) v; feature of CO, adsorbed onto a selec-
tion of minerals that are potential compositional and
spectral analogs to the nonice materials on these satel-
lites. This is particularly relevant to the Galilean satel-
lites Callisto and Ganymede where the CO, detected
by infrared spectroscopy is most likely contained
within the nonice material [8,15]. Results from these
laboratory experiments support the hypothesis that
some of this CO, may be physisorbed. This mechanism
of binding the CO, to the surface places few con-
straints on the origin or host material of the CO,.

CO; in the satellites’ surfaces: The shape and po-
sition of the infrared reflectance minimum for the CO,
v; band at ~ 4.26 pm is distinctly different from that of
pure CO; ice or gas, and is consistent with CO, trapped
in one or more host materials [e.g. 8]. Spectral mixing
models demonstrate that most of the CO, on Callisto
and Ganymede responsible for the distorted v; band
cannot be in the ice, which is large-grained, but is con-
tained within the non-ice material [15,16]. Addition-
ally, the surfaces of the Galilean and at least some of
the Saturnian satellites are sufficiently warm that the
CO, must be stabilized in a host material to prevent its
escape into space. The spectral characteristics of the
CO, absorption band are also similar on several of the
Galilean and Saturnian satellites [16,9,10]. This simi-
larity implies similar physical states for the trapped
CO; and possibly a single trapping mechanism

Physisorption: We propose that this trapping
mechanism may be physisorption. Physisorption is
caused by weak inter-molecular van der Waals forces
between the adsorbate molecules and areas of asym-
metric charge distribution within the adsorbing host

material. The van der Waals force can exist between
CO; and an adsorbant when a charge asymmetry in the
adsorbent induces a weak dipole within the otherwise
symmetric CO, molecule. This partial electronic po-
larization of the CQO, is thus a function of the structure
of the host molecule and the charge distribution within
the host molecule. Complex silicates offer excellent
structures for the adsorption of CO, because of their
significant asymmetric distribution of charges within a
unit cell and their large microporosity offering many
sites for CO, to adhere [17]. This results in consider-
able absorption. However, at room temperature, the
strength of the van der Waals bond is insufficient to
keep the CO, adsorbed when the host material is ex-
posed to vacuum.

Results and Conclusions: We have found that
CO, can remain physisorb onto some clays when the
CO,; partial pressure is effectively zero under ultra-
high vacuum (UHV) if the adsorbant is cooled to the
surface temperatures of the icy satellites of Jupiter and
Saturn (Figure 1). CO, remains adsorbed onto the clay
mineral montmorillonite for > 10s of minutes when
exposed to a vacuum of ~1 x10® Torr at ~ 125K.
However, CO, does not adsorb onto serpentine,
goethite, or palagonite under these conditions. A small
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Figure 1. CO, adsorption onto nonice materials
at~ 125-142K under ~1x10” Torr. Ca-
montmorillonite strongly adsorbs CO, (thick
black line). Kaolinite may adsorb a small
amount (thick black line). Serpentine, goethite,
and palagonite (thin lines) do not adsorb de-
tectable quantities.
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amount may adsorb onto kaolinite. These are materials
materials that may have similar microporosities, but
whose unit cells possess much less charge asymmetry
than smectites. When heated above 150K under vac-
uum, the CO, desorbs from the montmorillonite within
a few minutes. We infer that the presence of a strong
charge asymmetry which can induce a strong dipole in
the CO, molecule is the most important requirement
for physisorption at cryogenic temperatures.
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Figure 2. . Room-temperature spectra of CO,
physisorbed onto various montmorillonite miner-
als. The cation composition of the montmorillo-
nite affects the shape of the absorbance spectrum.
Black: Mg,Li. Gray: Na (scaled x8), Dotted: Ca.

The strength of adsorption and the spectral charac-
teristics of the adsorbed CO, infrared v; absorption
band near 4.25 wm also can depend on the composition
of the adsorbent (Figure 2). The v; absorption band of
CO, adsorbed onto montmorillonite at 125K is similar
to that of the CO, detected on the Saturnian and Gali-
lean satellites (Figure 3) and is markedly different
from CO, adsorbed onto the same montmorillonite at
room temperature. The temperature-dependency may
signify that different sites are accessd by CO2 at cryo-
genic and room temperatures. The temperature de-
pendency in the stability of the CO2 and on its spectral
characteristics, and the compositional dependency on
the spectral characteristics of the CO2 are consistent
with the adsorption process being physisorption. We
postulate that this mechanism may explain the pres-
ence and spectral characteristics of the CO, detected in
the surfaces of the Jovian and Saturnian icy satellites.
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Figure 3. The laboratory spectrum of CO; phy-
sisorbed onto Ca-montmorillonite at 125K is similar
to the Galileo NIMS spectrum of CO; in the sur-
faces of the Galilean satellites. Black line: NIMS
spectrum CO; in the surface of Callisto (scaled x
0.17. Gray line: Laboratory data at full resolution
of ~ 2nm (solid); and resampled to NIMS channels
and spectral resolution (dashed).
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