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Introduction: There has been a recent paradigm 

shift from the initial idea that the Moon is depleted in 
all volatile elements and compounds, to recognizing 
the presence of significant water (defined here as both 
OH and molecular water) across the lunar surface and 
within the lunar interior. However uncertainty sur-
rounding the Moon’s water abundance, spatial distribu-
tion, speciation, origin, and mode of preservation on 
the lunar surface as functions of time, temperature, and 
observation illumination, remains. Evaluating the pres-
ence of water on the lunar surface raises fundamental 
questions that cannot be fully answered without under-
standing where water is sequestered in the lunar soil 
(on grain surfaces or internally), and how it is speciat-
ed.  

Background: The form and availability of water 
in the lunar soil constrains processes that act to deliver, 
destroy, transport, and sequester water across the lunar 
surface [1]. For example, understanding the speciation 
of water in the lunar soil at mid-latitudes could con-
strain whether modern observations primarily reflect 
implanted hydrogen from solar wind or terrestrial 
sources [2], and answering whether water is transport-
ed across the lunar surface to areas where it may be 
preserved long term relies on understanding if and how 
surface adsorbed water varies as a function of time and 
latitude. Broadly, studying volatile processing on the 
lunar surface improves our grasp of volatile processing 
on all rocky airless bodies in the solar system, and 
supplies information that underpins our ability to iden-
tify and utilize water resources in-situ.  

Future missions intend to fill these gaps by col-
lecting improved near-infrared (NIR) reflectance data 
that characterize OH/H2O’s 3 um absorption feature 
(caused by the fundamental OH stretching vibration), 
and 6 um feature caused by molecular water’s v2 bend-
ing mode [3]. Determining the speciation and abun-
dance of water in glass via FTIR transmission meas-
urements, and characterizing the bonding environment 
of surface adsorbed water, have been studied exten-
sively in laboratory contexts [e.g. 3, 4]. However, there 
are challenges unique to reflectance spectroscopy of 
lunar soils that must be considered if conclusions de-
rived in a laboratory setting are going to be used to 
interpret remotely sensed data. These include modeling 
multiple scattering [5], correcting for thermal emission 
of warm surfaces [e.g. 6] and the complex nature of the 
ubiquitous lunar soil; a mixture of minerals, glass, and 
space weathering products including nano/microphase 
iron and agglutinates [7, 8].  

Goals & Approach: This pilot feasibility seeks 1) 
evaluate and adapt previously successful transmission 
techniques used to determine the abundance and speci-
ation of water in glass [3], and 2) isolate the spectral 
signature of surface adsorbed water, for use with or-
bital reflectance data from the lunar surface. We focus 
on glasses as a relatively simple and attainable 
endmember case which is directly relevant to soil ag-
glutinates and lunar pyroclastic deposits.  

2.1. Speciation. Molar extinction coefficients will 
be calibrated for two lunar relevant glass compositions, 
basalt and anorthite/anorthosite, at the 6 um molecular 
water and 3um H2O/OH features using FTIR transmis-
sion spectra of a suite of natural and synthetic samples, 
with independently verified bulk water content. [e.g. 
9]. These extinction coefficients will be used with 
Beer’s law [e.g. 3] to determine the speciation of water 
in these glasses. These same glasses will then be pow-
dered to various size fractions and their FTIR reflec-
tance measured; water speciation will be independently 
modeled from these spectra using updated extinction 
coefficients with the ESPAT parameter of [10] at 3 and 
6um, for direct comparison with transmission derived 
values. Water speciation in these samples will also be 
independently determined using H-NMR as an addi-
tional validation of these two calculations [e.g. 11].  

2.2. Spectral characterization adsorbed water. 
Absorbance derived optical constants are assumed to 
be free of features resulting from surface adsorbates. 
These optical constants will be used to forward model 
the reflectance spectra of variably hydrated at different 
particle sizes, using the Hapke RTM implementation 
of [12]. Each sample’s model spectra will be compared 
with time series FTIR reflectance spectra, where pow-
der samples are measured at regular intervals while 
held under dry air purge, to vary the amount of surface 
adsorbed water. Surface adsorbates are expected to 
contribute more to these powder spectra because of 
their large surface area/volume ratio. Inspecting the 
difference between measured and modeled spectra will 
reveal the nature of changes in the 3um band region 
resulting from surface water alone.  We will further 
investigate the spectral signature of adsorbed water 
taking transmission measurements of polished glasses 
held at variable environmental conditions.  

Results & Discussion: Here we report preliminary 
results from a single synthetic glass sample used as a 
pilot approach. We obtained glass DTB-18, which was 
synthesized from tholeiitic basalt powder mixed with 
1wt% H2O. Major element chemistry was measured 
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with Brown University’s Cameca SX-100 electron 
microprobe and is similar to natural ‘dry’ tholeiites 
10C-1 and 526-1 (wt% H2O ~ .25) reported in [3]; we 
used these samples to estimate DTB-18’s density 
(~2.91 g/cm3) and refractive index (n~1.6) [13].  

Absorbance spectra of a doubly polished section 
with a thickness of 0.196±.002 mm were measured 
using a Bruker LUMOS FT-IR spectrometer in trans-
mission mode with a gold standard; these spectra were 
averaged and continuum removed to visualize the 3 & 
6 um regions associated with water [Fig. 1]. We ob-
serve a 3 um feature consistent with the presence of 
OH/H2O, but no 6 um feature indicative of molecular 
water [Fig. 1B]. Using Beer’s law and the 3um extinc-
tion coefficients of [3], the 3um peak is consistent with 
0.137-0.2 wt % OH in the sample. This is in agreement 
with both the synthesis conditions of our glass, and the 
findings of [3] and others that water in glasses with 
<0.5 wt%  bulk H2O is speciated entirely as OH.  

We converted our absorbance spectra to optical 
constants using the relationship k=Aλ/[4πD] defined 
by Beer’s law, and used these optical constants to for-
ward model the expected reflectance spectrum of a 0-
45um size fraction of DTB-18 using a Hapke RTM 
parameterization identical to that of [12]. We compare 
this model spectrum to two FTIR spectra of a 0-45um 
powder of DTB-18, measured once under ambient 
conditions and once after an overnight purge in dry air 
to remove surface adsorbed water [Fig. 2]. FTIR re-
flectance was measured at the NASA RELAB facility 
at Brown University using A Nicolet Nexus 870 FTIR 

spectrometer with a diffuse gold standard. 
Comparing our purged and non-purged FTIR 

spectra reveals that the intensity of the 3um band spec-
trum decreases after purging; also, the sample lost 
.0002 grams in mass after undergoing purge. Both of 
these findings are consistent with the loss of a minor 
amount of  surface adsorbed water from the sample. 
Close inspection of these spectra also reveal that the 
shape of  the ambient spectrum’s 3um feature is slight-
ly different than that of the purged spectrum, asymmet-
rically broadening towards longer wavelengths. This is 

consistent with the existence of additional minor ab-
sorptions convolved in this wavelength region associ-
ated with molecular water [e.g. 10]. Figure 2 also illus-
trates that the 3um absorptions of our model adsorbate 
free spectra and our FTIR spectrum measured after dry 
air purge to remove surface water have similar shapes 
and band positions, as one would expect if our Hapke 
RTM is modeling our sample accurately. Differences 
in absorption strength between modeled and measured 
spectra are likely related to weakened spectral contrast 
caused by the presence of graphite in our powdered 
sample, left over from the glass synthesis process. 
Taken together, these findings indicate that our meth-

odology is capable of isolating differences in spectral 
shape associated with surface adsorbed water.  

Conclusions & Future Work: Thus far, prelimi-
nary results from our pilot study are promising, and  
indicate that our methodology is likely capable of both 
accurately determining water speciation in glass, and 
isolating spectral features caused by the presence of 
surface adsorbed water, tasks critical to the success of 
this study. Next steps include testing speciation calcu-
lations over a range of samples with different bulk 
water abundances (especially those expected to contain 
molecular water), refining our RTM for use at NIR 
wavelengths, and conducting additional purging exper-
iments. 
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Figure 1. 
Absorbance 
(A) and con-
tinuum re-
moved ab-
sorbance (B), 
of DTB-18 

 

Figure 2. 
Comparison of 
the continuum 
removed  3um 
water features 
of modeled 
and measured 
FTIR spectra 
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