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SPECTRAL ANALYSIS OF CHEMISORBED C 0 2  ON MARS ANALOG 
MATERIALS, A. P. Zent, SET1 Institute and NASA Ames Research Center, Moffett 
Field, Ca 94035, T. L. Roush, San Francisco State University, San Francisco, Ca 94132 
and NASA Ames Research Center, Moffett Field, 94035. 

Introduction: The goal of this work is to estimate the mass of C02  that may have 
been removed to a quasi-stable reservoir on the martian surface by chemisorption, and to 
estimate the spectral effects of chemisorbed C@ in remotely-sensed martian spectra. Our 
approach is to characterize the conditions most favorable for the formation of carbonate on 
common terrestrial oxide minerals, and to search for infrared spectral bands that result from 
chemisorption of C@ molecules onto oxide and other Mars analog materials. 

The role of CO2 in establishing paleo-temperatures 2 273 K is unknown [I]. It appears 
that a C02 greenhouse may not have been adequate under any circumstances [2]; however, 
if a C@ was responsible for elevated surface temperatures, then most of that C02 must still 
be in the near-surface environment since no identifiable escape mechanism will remove it 
after the decline of channeling. The most reasonable reservoir is carbonate, and there are 
remote sensing techniques which can be used to search for that carbonate 131. We are 
investigating C02 chemisorption as a permanent C@ sink, and to aid in interpretation of 
remotely-sensed IR spectra of Mars. 

A common effect reported in C@ adsorption studies of some oxide adsorbents is the 
formation of a layer of carbonate or bicarbonate anions [4]. The process that forms 
carbonate is chemisorption, an activated process that is promoted by an increase in 
temperature - quite the opposite of physical adsorption. Chernisorption is not reversible in 
the sense that physical adsorption is. 

Experiment: We exposed fresh surfaces of common oxide minerals that have 
carbonate counterparts to atmospheric CO2 and/or H20 for various periods of time and then 
examined the spectra of the powders to see if bands characteristic of the carbonate anion 
had developed. 

Natural oxide and hydroxide samples were prepared by powdering the bulk minerals, 
seiving to I 38 ym, and sealing the powders in serum vials, all under N2. Experimental 
samples were purged with C02 and evacuated repeatedly for up to 1 hour. Controls 
remained under N2. The effects of H20 were tested by identical aliquots of powder, some 
of which were exposed to DDH2O in amounts corresponding to less than a 1:1 
water:powder ratio. Samples and controls are tested after 1, 8, 22 and 60 days; 0.2 mg of 
powder were mixed with 200 mg of KBr and pressed into pellets. The pellets were placed 
in a spectrometer environment chamber, which was purged with dry nitrogen gas. 

Transmission spectra were acquired from 2.5 to 25 pm with a resolution of 1 cm-l. 
Individual spectra were corrected for thickness ( t)  and concetration (C) by converting the 
transmission (I&), to extinction, E,  according to 

In this representation, absorptions appear as peaks. The extinction coefficients for each 
sample were ratioed against, and separately subtracted from ,their respective controls, 

Ca(OH)2: This hydroxide was included in order to test the sensitivity of our spectral 
technique to detection of the carbonate anion. Ca(OH)2 is known to form carbonate and 
bicarbonate ions on exposure to C02  [e.g.5]. There were pronounced effects on the 
Ca(OH)2 spectrum that correspond to the formation of the carbonate anion in the spectral 
regions of 1300-1400, 1063, 879 and 680 cm-I [6,7] (Fig. 1). The oxide and hydroxides 
of Ca do not occur in nature, because the partial pressure of C02 is too high, and carbonate 
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is the stable form. This is in contrast to the other oxides and hydroxides used in this study, 
all of which are naturally occuring oxides and hydroxides. 

Natural Oxides and Hydroxides: We chose goethite (FeO.OH) and pyrolusite 
(Mn02) for initial short-term experiments, and are currently conducting long-term 
experiments with goethite, hematite (Fe203), pyrolustite and brucite Mg(OH)2. To date, 
the experiments have been carried for up to 72 hours, with no change in the spectral 
features that can be definitively related to the appearence of surficial carbonate anions. if 
we assume that we can detect a monolayer of chemisorbed carbonate ions, a reasonable 
limit, then we can estimate that the formation rate of the carbonate to be less than 5x1013 
molecules g-1 s-1. If the detection limit is 0.1 monolayers, then the production limit is less 
than the value of 1013 molecules g-l s-l that was claimed by Booth and Kieffer [8]. We 
wil present data from long duration exposures that will permit us to characterize the 
formation rate of carbonate anion at sensitivities well below 1013 molecules g-l s-l 

Palagonite and Montmorillonite: Powdered samples of both materials were 
exposed to 100 kPa of C02 for 24 hours , and spectra were examined for band formation. 
No spectral changes were identified that might be related to dry carbonate formation. In 
these cases, the samples previously existed as powders, and contamination of the mineral 
surfaces by terrestrial H20 and atmospheric gases may have affected their reactivity to 
cQ2. 

Summary: Exposure to 100 kPa of C02  for 24 hours at 25' C produced easily 
detectable amounts of chemisorbed carbonate and possible bicarbonate ion on the surface of 
Ca(OH)2. There was no spectral evidence for the formation of either carbonate or 
bicarbonate upon exposure of montmorillonite, palagonite, goethite, or pyrolusite to the 
same conditions. There is not yet evidence to suggest that significant rates of dry carbonate 
formation might have occured on Mars, nor is there any reason to suspect that infrared 
studies of the martian regolith must account for chemisorbed C02. 
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Fig. 1 Ratio of the absorption coefficients of the sample and reference 
powders of Ca(0Hh. The absorption increase near 1300 cm is due to 
formation of carbonate anion. 
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