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Introduction:  Airless bodies in the inner so-
lar system can reach 400K or higher as well as cool to 
below 100K. Over these temperatures and under ultra-
high vacuum, the physical state, abundance, and the 
resulting spectral nature of any clay minerals on these 
bodies may be different from that measured in the la-
boratory under different conditions.  Compared to 
samples under terrestrial conditions, clays on inner 
solar system airless bodies will be largely desiccated 
due to exposure to ultrahigh vacuum.  The loss of the 
water-related infrared bands will significantly change 
the appearance of the reflectance spectra [1,2,3].  Spec-
tral changes due to temperature could also exist [3,4,5].  
Therefore, characterizing spectral changes related wa-
ter and hydroxyl abundance as well as determining the 
nature of any spectral dependencies on temperature for 
clay minerals could potentially affect the interpretation 
of reflectance spectra of airless bodies in the inner so-
lar system and inference of composition.   

Procedures: A detailed description can be found in 
[3].  In short, clays from the Clay Mineral Society cur-
rently analyzed are SAz-1 (Ca-montmorillonite), SWy-
2 (Na-montmorillonite), SBId-1 (Beidelite), and NAu-
2 (Uley Mine nontronite).  Approximately 100mg of 
sample is placed in a copper sample holder, held in 
place with a UV-grade MgFl2 window, and attached to 
the end of a liquid nitrogen-cooled cryostat that is ver-
tically mounted into a UHV-capable environmental 
chamber (Figure 1).  The biconical reflectance spectra 
from ~ 1.7 – 5.5 µm is measured for the sample in this 
order:  ambient, room temperature vacuum (~ 10-7 
torr), after heating to ~ 373K for 24 hrs at vacuum, and 
multiple times upon cooling to as low as 150K.  

Results:  Near-infrared reflectance spectra of 
smectites under high vacuum (10-7 torr) differ signifi-
cantly from measurements under ambient conditions, 
exhibiting spectral changes upon desiccation and tem-
perature change.  The water bands at 1.9 and 3 µm 
shrink and/or narrow.  The transparency region at 3.5-5 
µm increases in brightness, and three of the four smec-
tite clays investigated develop an unidentified absorp-
tion band near 2.5 µm but which is likely related to the 
hydroxyl.  This band becomes apparent after desicca-
tion as the right shoulder of the 2.7-µm region bright-
ens, narrows and moves to longer wavelengths, the 
short wavelength wing of the 2.8-3-µm ν1 hydroxyl 
and water ν3 vibrational bands (Figure 2). 

Not all molecular water desorbs, as a shallow 1.9-
µm band due to a combination of molecular water 
bands persists after desiccation and moderate heating.  
Also, spectral changes with temperature are apparent 
after desiccation (Figure 3).  The reflectance of the 
shoulder and the depth of the 2.5-µm band trend in-
versely with temperature from -150 oC to 115 °C. The 
areas of the water/hydroxyl related bands at 1.9 and 3 
µm do not change with temperature. 

Conclusions:  In conclusion, we have measured 
the 1.7-5.5-µm biconical reflectance of a variety of 
clays from the Clay Mineral Society under ambient, 
vacuum at room temperature (~ 10-7 torr), warmed to ~ 
100C under vacuum, and cooled to cryogenic tempera-
tures.  In removing weakly adsorbed molecular water 
without significant heating that could alter the crystal 
structure of the sample, we have attempted to simulate 
the likely physical state of these clays on airless bodies 
in the inner solar system.  Also, the lack of extreme 
heating preserved the mineral structure making it pos-
sible to correlate the spectral features near 2.5 – 2.7 µm 
otherwise obscured by molecular water absorptions, 
with composition.  For instance, an absorption band at 
~2.45 µm in some smectites is likely a cation-OH vi-
bration, and is not due to water. There are also spectral 
changes with temperature mostly near 2.4-2.7 µm, 
primarily related to the narrowing of the 3-µm band.  
Future work will investigate vacuum desiccation and 
temperature effects in several other clays from the 
CMS in an attempt to explore definitive correlations 
between clay composition and spectral characteristics 
of the ν1 hydroxyl band and to understand the 2.5-µm 
band. 
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Figure 1: A top down view of the environmental 
system.  

 
Figure 2.  Reflectance spectra obtained with the system 
shown in Figure 1 of montmorillonite clays (top) and 
nontronite and beidelite (bottom) both under ambient 
conditions – exposed to the environment of the room 
(solid lines), and under high vacuum ~ 10-7 torr after 
baking out under vacuum for about a day (dashed lines). 
 

 

 
Figure 3: Calcium and sodium montmorillonite exhibit 
spectral changes with temperature. The 2.7- µm shoulder 
region brightens and the 2.45-µm band deepens.  
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