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Introduction. In the early 2020s, NASA will build 

the Deep Space Gateway (DSG) for extended human 
occupation in cis-lunar orbit. The DSG provides a new 
unique platform to carry out science investigations on 
a number of high priority topics in planetary science. 
The DSG will be immersed for long periods of time in 
this harsh space environment (see figure of DSG be-

low), where it is constantly 
being bombarded by H+ 
from the solar wind and by 
micrometeoroids µ-M). We 
describe here an experiment 
to test for possible hydro-
genation of material ex-
posed to this environment. 

We propose the place-
ment of a long duration ex-
posure platform (LDEP) on 
the outside of the DSG that 

would contain a patch-plate of various materials, ex-
posing them to the space environment for months-long 
periods. Portions of the LDEP would then be brought 
into the habitat and would be examined by mission 
specialists to determine the chemical makeup of im-
planted solar wind and micrometeoroid species. Inside 
the DSG, mission specialists would use an oven and 
mass spectrometer (MS) system to measure the out-
gassed species and an IR spectrometer system to exam-
ine altered surface composition from exposure. 

Specifically the investigation would target the effi-
ciency of the solar wind hydroxylation of exposed 
mineral and rock surfaces, providing space-truth exper-
iments to compliment shorter-term simulations in ter-
restrial laboratories. The experiments would also ad-
dress whether methane is created from this process, via 
a mechanism that causes hydrocarbon to be formed by 
implantation of solar wind hydrogen and carbon. We 
hope to gain an understanding of how these geological 
substrates become chemical conversion surfaces that 
are capable of creating H2, OH, water, and methane in 
the space environment.  

Surfaces being considered include porous silica, 
sapphire, and slabs of common rock types on planetary 
surfaces, and single mineral crystals to test the effect 
of crystal structure and binding on hydrogenation po-
tential. We also will design our own a porous activated 
surfaces to determine if we can create more vigorous 
hydroxyl forming substrate. These experiments will 
test our own understanding of the solar wind implanta-
tion, diffusion and loitering solid-state process. Crea-
tion of OH and water from exposed material, albeit in 

small amounts, would test the resource potential of the 
solar environment itself- literally getting water from 
minerals exposed to a proton beam and hyper velocity 
impacts.  

The LDEP system would also be the start of an 
onboard laboratory sample analysis facility that can be 
used by mission specialists later when new samples are 
returned from the lunar surface.  

Motivation. In the Apollo era, Housley [1] sug-
gested that solar wind protons could create OH- and 
water at the lunar surface via the proton interactions 
with iron oxide. In 2009, various IR reflectance obser-
vations [2-4] showed a lunar surface absorption feature 
at 2.8 µm arising from an OH vibrational mode. This 
OH signature appears to decrease with increasing sur-
face temperature [2-4] and possesses a diurnal varia-
tion that suggests relatively weak bonding between the 
O and H on surface glass and minerals. 

Solar wind proton implantation and ‘hindered’ H 
atom diffusion [5] in the weathered regolith was identi-
fied as a possible source of the weakly bound hydrogen 
[2]. Vacancies, interstitial atoms, unsatisfied chemical 
bonds, and other crystal defects that result from space 
weathering can act to slow interstitial hydrogen diffu-
sion [6] creating ‘loitering’ hydrogen interstitial atoms 
that possibly form the OH [7]. 

H Diffusion and Molecular H emission. Diffusion 
of implanted hydrogen atoms is a sensitive function of 
temperature, with H concentrations apparently drop-
ping to undetectable levels in the IR near the warm 
subsolar point [8]. Warming of the surface enhances 
diffusion and desorption, leading to vigorous loss of H 
in the top 10’s of nm. The various surface-emitted 
forms could include thermal atomic H, molecular H2 
[9, 10] and methane [11], the latter two, which have 
been observed in the lunar exosphere.  

Methane. Hodges et al. [11] recently reported the 
observation of methane emitted in large quantities at 
dawn. He surmised that this hydrocarbon was pro-
duced by interactions of the implanted and diffusing 
solar wind hydrogen with the solar wind implanted 
carbon. The observation stunningly points to evidence 
that the lunar soils are acting as a catalyst for new sur-
face chemistry – collecting, confining, and enhancing 
collisions between implanted H and C atoms. This new 
surface-induced chemistry could be operating at all 
exposed airless bodies. The LDEP can investigate this 
plasma-surface interaction in detail.  

Role of Micrometeorites. In addition to the solar 
wind, meteors also deliver surface molecular species. 
These high-speed particulates may deliver more com-
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plex carbons and hydroxyl groups depending on their 
sources. Any exposed area on the LDEP will be inter-
cepted by smaller micrometeoroids; it is also anticipat-
ed that hydrocarbons could be implanted onto the sur-
face as a result. The LADEE methane observations 
[11] might also result from carbon delivered by mi-
crometeoroids rather than solar wind. The actual 
source of this methane-bound carbon has yet to be 
identified and will be investigated in the course of this 
proposed study. 

LDEP Investigation. We propose to build an ana-
log system to the old LDEF system flown in low Earth 
orbit that will now be exposed to a space environment 
more comparable to the Moon. Our new facility will 
enable specific examination of the implantation, diffu-
sion, and end-state of atomic and molecular species 
that can give rise to new hydrogen and carbon volatiles 
species, like molecular hydrogen and methane, on air-
less bodies.  

We propose to place a plate on the exterior of the 
DSG body where it will be directly exposed to all ele-
ments of the space environment. The plate will carry 
mineral and rock samples along with porous oxide-rich 
activated surfaces specifically designed to absorb and 
trap solar wind hydrogen (to form hydroxyl). Lunar 
and meteoritic samples as examples of previously 
space-weathered material could also be considered in 
the set. After prolonged exposures, exposed sample 
elements can be exchanged for fresh surfaces and 
brought in to the DSG by mission specialists. Samples 
will first be studied by a VNIR-IR spectrometer to 
examine the alterations in the surficial chemistry and 
mineralogy. They can then be placed in an oven to 
undergo gas emission and sampling via an onboard 
lightweight mass spectrometer. We also can consider 
an alternate sample analysis process: performing this 
same analysis in the exterior environment using sample 
handling techniques similar to Curiosity. There is a set 
of trades to consider in either approach including the 
risk and cost of mission specialists’ EVAs.  

Of special interest will be hydroxyl and water ab-
sorption features in the IR and the emission of volatiles 
in the mass spectrometer. We will calibrate the patch 
plate in the IR before it is exposed to allow for com-
parison of pre-and post exposure spectra. 

LDEP Scientific Goals and Objectives. The goal 
of these experiments will be to examine the creation of 
volatile species like neutral hydrogen, molecular hy-
drogen, methane, and other more complex hydrocar-
bons by the interaction of the space environment with 
oxide-rich porous plasma-activated materials.  

LDEP Measurement Objectives. Atomic and mo-
lecular hydrogen and hydrocarbons including methane 
will be measured by the MS and IR systems pre- and 
post-exposure. Solar wind-implanted helium and neon, 
both typically observed in the lunar exosphere [12], 

will also be measured as a baseline calibrating species 
for the samples. 

DSG Mission Requirements. To spend long peri-
ods of time (many months) in the solar wind to expose 
the samples to the ~1 keV ion beams and micromete-
oroids. This requirement is easily met, given the long-
term plans for the deep hab. Laboratory analysis [5] 
indicates detectable implanted H levels in ~100 days of 
equivalent solar wind exposure.  

Instrument requirements. Instruments for this 
experiment are not taxing; the required MS and IR 
spectrometers could be similar to those used in previ-
ous space flight science missions (e.g., LADEE NMS, 
O-Rex IR). Runs with and without the sample can help 
derive the MS signal from the lab water contamination 
at AMU = 18.  

Science relevance. The solar wind and meteoric 
creation of hydrogen- and carbon- based volatiles at 
airless bodies like the Moon connects back to the high-
est-ranking themes of the Vision and Voyages Plane-
tary Decadal Study (see Table S.1).   

Exploration relevance. The possible extraction of 
water from exposed H-implanted geological material, 
even in small amounts, could represent a new and 
unique ISRU capability for harvesting H on larger 
scales from regolith-rich surfaces like the Moon. The 
proposed new DSG laboratory facility with spectrome-
ters will also be needed for immediate volatile analysis 
of newly returned samples. The analytical role to be 
played by mission specialists will be challenging but 
very necessary.  

LDEP as a Facility. Because the platform with 
removable plates is modular, we can consider other 
experiments as well, including studies of the cratering 
characteristics of micrometeoroids on patches, the ra-
diation dose, high-energy particle damage (tracks), and 
deep dielectric discharge on surfaces, and the collec-
tion of nanograins emitted from the lunar surface dur-
ing meteor showers. We focus herein on the volatile 
manufacturing because volatile creation is a high pro-
file science objective in the Vision and Voyages Plane-
tary Decadal Study. However, the system can be treat-
ed as a facility, and can be creatively reconfigured, 
with new test patches built here and sent up on succes-
sive missions. 
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