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Introduction: One of the most abundant volatiles 

in the outer solar system is CO2.  On Ariel, CO2 is ice 

[1], however, on warmer surfaces closer to the Sun, 

such the surfaces of the Saturnian and Galilean satel-

lites, this CO2 is complexed with another material 

[2,3].  This interaction with the second, presumably 

less volatile, material has been invoked to account for 

the presence of CO2 in these surfaces at temperatures 

which CO2 is thermally unstable and should not reside 

[4,5,6,7,8]. The physical state, how the CO2 is 

‘trapped’ in the surface, and the nature of its host mate-

rial remains debated [8,9] with inferences being drawn 

in part from the position of its 3 absorption band (Fig-

ure 1).  

 

Keeping volatiles on icy satellites: Whereas 

this host material may be either water ice or nonice 

materials (or both) on the Saturnian satellites, on the 

Galilean satellites, spectral modeling [4,5] and thermal 

modeling [10] of the stability of waterice support the 

argument that the host material of CO2 there is the 

nonice material.  Hibbitts and Szanyi, (2007) propose a 

weak phyical interaction akin to van der Waals bond-

ing that, when operating at the cold temperatures of 

these satellites surface, can overcome the kinetic en-

ergy of the CO2 molecules, effectively resulting in the 

physisorptoin of this gas even under no overburden 

pressure.  Their results suggest that this adsorption is 

site speicific with the local electric environment play-

ing an important role by inducing a dipole in the CO2, 

casuing a dipole – induced dipole attraction (akin Lon-

don forces).  Not explored by them is the alternative 

that permananent electronic quadropole moment of the 

CO2 molecule and the local electrostatic field of 

cations, dangling bonds, etc. could be the origin of this 

force.  

Water on the Moon: It is worth considering 

the possibility that this type of electrostatic interaction 

between normally unstable volatiles and a more stable 

host material could be a pervasive mechanism operat-

ing throughout the solar system.  If pervasive, then our 

understanding of how volatiles are distributed within 

the solar system may be altered.  For instance, CO may 

be trapped onto stabilizing host materials on satellites 

of Uranus. Alternatively, water, which is thermally 

stable on the surfaces of some outer satellites, but is 

ephemeral closer to the Sun, may be similar held onto 

surfaces (distinct from hydrogen bonding).  Waterice 

on the surface in permanently shadowed craters on the 

moon would be stable [e.g. 11] and has been postulated 

to exist [e.g. 12,13].  However, any water at the lunar 

poles may instead exist as adsorbed molecules. Water 

originating from cometary residue would accumultate 

slowly, statistically more likely to first encounter a 

lunar regolith particle than another water molecule 

given the 1000ppm upper estimate of abundance for 

water at the poles [14].  Some preliminary measure-

 
Figure 1.  Wavelength at which CO2 absorbs when 

phyisorbed onto clays (blue symbols) under vacuum 

cryogenic conditions, compared to observed wave-
lengths of CO2 on icy satellites. 

 

 
 

Figure 2.  The 3-μm fundamental absorption band in water 

adsorbed onto montmorillonite at ~ 150K (thick blackline) 

is shifted ~ 80-100 nm to long wavelengths compared to the 

same band in crystalline water ice (thin grey line).  The 

adsorbed water is also spectrally distinct from chemisorbed 

water in room-temperature montmorillonite (dashed line) - 

the small depression in the bottom of the broad feature 

(Salisbury, 1991).  Note: there is no temperature depend-

ency in this band for water ice or hydrated minerals at this 

spectral resolution. 
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ments exploring the physisorption of water onto lunar 

analogs (powdered anorthositic rocks) provide some 

evidence for this process occurring (Figure 2).  Previ-

ous experiments by others [e.g. 12]conducted on lunar 

samples demonstrate that although the lunar regolith 

will quickly chemisorb water at room temperature, 

there is little data on the interaction of pristine regolith 

and water vapor under vacuum cyrogenic conditions.  

The possibility that water may be adsorbed (not 

chemically bound) to the lunar regolith may warrant 

consideration. This mechanism may also enable water 

to exist at temerpatures where ice would otherwise be 

thermally unstable.  Also, water in this physical state 

may not be detectable by the effect of its electric per-

mittivity at radar wavelengths although it would still 

be detected by neutron spectroscopy. 
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