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Introduction: Three independent spacecraft teams 

reported the presence of infrared absorptions consistent 
with water (10-1000 ppm) and hydroxyl (OH) on the 
sunlit lunar surface at locations too warm for water-ice 
to be stable [1-3].  An alternative explanation for the 
infrared observations is variation in black body 
emission with differing temperature between lunar 
locations experiencing different illumination 
conditions. The Apollo and Luna missions are not able 
to directly support or deny the existence of surfacial 
water. Contamination by landing exhaust and 
outgasing from landed equipment make in situ 
detections of native lunar surfacial water very 
challenging.  

An independent line of evidence for assessable 
water on the Moon comes from the LCROSS impact 
experiment at Cabeus crater, which showed the 
presence of up to 6% concentration (by mass) of water 
and ice in the ejecta plume [4]. The existence of 
reservoirs of water-ice in the permanently shadowed 
regions at the lunar poles had been predicted by 
Watson et al. in 1961 [5]. Permanently shadowed 
craters, such as parts of Cabeus, are cold enough to 
capture and preserve migrating water molecules for 
geologic timescales. While the LCROSS experiment 
provides strong evidence for water in Cabeus, 
understanding where the water came from and where 
else it is expected to be trapped requires sophisticated 
computer modeling. Monte Carlo models [6] track 
water molecules as they migrate about the lunar 
surface until they either end up in a cold trap or are lost 
to space. However, existing models are limited by 
using only the water-ice sublimation energy for the 
water interaction with the lunar surface and may be 
significantly underestimating the time a migrating 
water molecule spends on the surface between each 
migration step.  

Temperature program desorption (TPD) 
measurements of water adsorbed on lunar materials 
provide values for the energy required to desorb water 
molecules from the regolith surface, which can be 
related back to thermal stability and minimum water 
lifetimes for a given temperature profile. The results of 
these experiments can be used to support or contradict 
the likelihood of significant quantities of adsorbed 
water persisting in sunlit and/or relatively warm (> 150 
K) locations on the Moon. TPD measurements also 
provide estimates for water adsorption lifetimes and 

can be used to enhance the existing water migration 
models. 

Samples: Proof-of-concept TPD experiments were 
conducted with the mineral albite and the lunar 
simulant JSC-1A [7]. However, no known terrestrial 
material mimics the space-weathered surface of lunar 
material, so a suite of lunar samples from several 
Apollo missions has been obtained. Details about the 
sample material mineralogy can be found in Hibbitts 
et. al. [8], the Lunar Sourcebook [9], and references 
cited therein.   

Experimental Methods: TPD experiments were 
performed under Ultra-High Vacuum (UHV) 
conditions. TPD is a well-known technique for 
obtaining desorption activation energies. The general 
procedure involves mounting the sample in UHV, 
cooling to the desired dosing temperature, dosing the 
adsorbate such as water, and heating the sample at a 
constant temperature ramp while recording the rate of 
desorption versus temperature. [7]  

Results: We have recently reported TPD data and 
simplified modeling of water interactions on lunar 
surrogates albite and JSC-1A [7].  Spectra contained 
evidence for both a broad distribution of molecularly 
chemisorbed water and bulk-water ice formation. 
Varying the water exposure revealed an apparent 
saturation value of the chemisorbed water feature on 
JSC-1A, but no such feature was observed on the albite 
for the exposures up to 512 Langmuirs. Both samples 
were found to have chemisorption sites equal to a few 
percent of their total surface, or on the order of 10 ppm 
by mass for a material with specific surface area of ~ 1 
m2/g. A numerical analysis method was used to obtain 
the distribution function of the measured molecular 
chemisorption sites, with the most strongly bound 
water molecules requiring up to ~ 1.2 eV to desorb. 
This distribution function was then used as an initial 
condition to numerically simulate the temperature 
cycle of a lunar day as a function of latitude and see 
how much water persisted through these harsh 
conditions. This simulation was highly simplified and 
neglected migration, readsorption, and non-thermal 
water losses; it simply gives the quantity of water 
molecules expected to have never left the regolith 
surface during the diurnal temperature cycle and is 
only one part of the complex lunar water cycle. 
Nevertheless, the simulation predicts some retention of 
water at high latitudes. This prediction is qualitatively 
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consistent with the lunar observations [10], however, 
our experimental observations and analysis find 
significantly less adsorbed water than the values 
reported by any of the spacecraft teams. Migration and 
readsorption of water could enhance the water 
concentrations, but only up to the saturation value of 
about 10 ppm, which is still at the lower bound 
reported by Clark [1].  

While the simulants described here are 
mineralogically similar to lunar samples, the space-
weathering environment of the lunar surface leads to 
significantly modified surface structure compared to 
the simulants. Thus, while insight and proof of concept 
have been shown in our recent paper [7], a similar 
examination of returned lunar samples is necessary to 
fully address the thermal stability of water on lunar 
materials. This analysis is underway. The lunar 
samples we have obtained are low and high-Ti mare 
soils, KREEPy soil, highland soil, and a mixed lot. 
This allows for a good sampling of the varied 
mineralogy from different Apollo landing sites on the 
Moon. Preliminary data on the low-Ti mare soil show 
similar TPD spectra to the simulants, although the 
highest binding energy sites are weaker than those seen 
on the simulants. The latest results and interpretation 
will be presented at the meeting. 
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