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Introduction  

Figure 2: a) Schematic of experimental set-up showing positions of FTIR and external 
detectors. b) Sample in place in holder. The powdered sample is held in the copper holder 
with a MgF2 window. A gold standard is on the other side of the MgF2 window. 
Thermocouple is for measuring sample temperature. 

Conclusions & Future Work 
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1. Approx. 100 mg of meteorite powder is placed in the 
sample holder (see figures to right). 

2. Biconical reflectance data collected with a Fourier 
Transform Infrared (FTIR) spectrometer and an MCT 
liquid nitrogen-cooled external detector. 

3. Chamber is evacuated to ~ 1E-7 or lower and the FTIR is 
purged with N2 enabling high SNR in telluric regions. 

4. Sample is heated to 675 K for 4 to 6 hours to desiccate.  
5. Sample is then cooled to 150 K. 
6. CO2 is dosed directly onto the sample via a ¼”  tube 

from an external gas supply to a vacuum fitting on the 
sample holder (Fig. 2). 

7. Spectra obtained at 150 K before dosing, during dosing, 
and after dosing at 150 K. 

8. Spectra are obtained at 150K until all CO2 is desorbed 
or until ~ 4 hours after dosing. 

Outer main belt asteroids provide insight to the early solar 
nebula chemistry and composition. Volatiles such as carbon 
dioxide serve as markers for materials that primarily 
condensed in the outer portions of the solar system. Large 
quantities likely travelled into the inner solar system via 
comets and asteroids [3], probably as ices, but possibly in 
different physical states. CO2 has also been detected in 
surfaces too warm for CO2 to exist and may be held by 
structural trapping, physisorption, and chemisorption [2]. 
Here we investigate the adsorption of CO2 onto outer main 
belt carbonaceous chondrite meteorite matrix material; 
material thought to reflect regions of the primordial solar 
nebula that did not undergo significant heating (>200 C) [6] 
and thus have potentially aided in the delivery of CO2 into 
the inner solar system. Additionally, understanding the 
presence of CO2 on meteorites may provide insight for 
potential adsorption processes in non-ice materials on icy 
satellites orbiting Jupiter and Saturn, as well as for 
comparison with asteroid spectra from space and ground-
based telescopes [2][4].  
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Procedures 

Figure 4: a) Desorption rates at 150 K. 
CO2 binds at higher energy sites 
(shorter wavelengths) in Bells and has 
a slower rate of desorption. 
Wavelength intervals are limited by 
spectrometer resolution.  
b) Band asymmetry and depth change 
linearly for Bells and MAC 02606 
samples. Ivuna's CO2 band position 
does not shift significantly.  
c) All meteorites show linear 
relationships between band area and 
band depth. MAC 02606 and Bells 
have slopes larger than or less than 1, 
while Ivuna is in between – consistent 
with less band asymmetry. 

The spectra of CO2 adsorbed on to carbonaceous 
chondrites in simulated space conditions, show an infrared 
band whose position and width are abundance dependent. 
Compositional dependencies vary between meteorites, 
which differ from clays. 
 
For MAC 02606 and Bells the CO2 band shifts towards 
shorter wavelengths from that of CO2 ice, characteristic of 
shorter, higher-energy bonds.   
 
There is no evidence of a doublet that would be expected 
from CO2 gas, suggesting the molecule is bound and not 
free to rotate.  
 
Band area vs. band depth ratios might aid in determining 
single or multiple cation adsorption sites, but further 
analysis is necessary.  
 
Future work will involve investigating CO2 behavior for 
longer time spans, at cooler/warmer temperatures, and a 
potential determination of temperature, abundance, or 
pressure-dependent binding site preferences or transitions.  
 
Further research into the relation between the CO2 3 
fundamental absorption band position and cation 
composition, mineralogy, temperature, and adsorbate 
abundance is necessary to address differences between 
meteorite and clay spectra. A greater sampling of meteorite 
types and classes is needed in order to delineate 
correlations between mineralogy and pressure-temperature 
relationships.  

Figure 1: Reflectance spectra obtained for CM and CI 
meteorites after desiccation under high vacuum (~ 10-8 torr) 
at 150 K before CO2 dosing, at initial dosing, and ~4 hours 
later. CO2 did not bind to LAP 03786. Ivuna adsorbed the most 
CO2. 

Figure 3: CO2 band positions range between 4.25-4.27 μm. Bells USNM 5293 and MAC 02606 
show band minimum drift towards lower wavelengths with decreasing band depth.  

Figure 6:   Na and Ca-
bearing 
montmorillonite clay 
have similar types of 
CO2 adsorption sites.  
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Figure 7 a, b, c, d: Strong OH bands in vacuum conditions 
suggest complex clay mineralogy and thus sites for CO2 
adsorption. 
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Steeper slopes with a negative 
y-intercept might indicate 
multiple cation adsorption sites, 
that include a weak site B, a 
predominant site A, and 
another stable site at C (Figure 
5), such as with MAC 02606.  

5. 

A 

B C 

Shallower slopes with a positive y-intercept might 
include a weak site C, a predominant site A, and another 
stable site at B, such as with Bells. Ivuna has a y-intercept 
close to zero. This may indicate only one adsorption site, 
or a predominant adsorption site at site A. 
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