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DOES ADSORBED CARBON DIOXIDE CONTRIBUTE TO THE INFRARED 
SPECTRUM OF MARS?; D.L. Blaney, Jet Propulsion Laboratory, 4800 Oak Grove Dr, MS 
183-501, Pasadena, CA 91109. 

The Viking Lander 1 gas exchange experiment (GEX) measured substantial amounts 
of carbon dioxide (9,800 nmoles / cm3) when a martian soil sample was humidified [1,2]. 
The amount of CO, released was consistent with models of physically adsorbed or 
chemisorbed CO, from the martian atmosphere under ambient conditions [2]. While the 
role of adsorbed CO, in long and short term atmospheric / surface interactions has been 
investigated [e,g. 3,4], little consideration has been given to the possible spectroscopic 
signature of adsorbed CO, in the infrared spectrum of Mars. 

The study of the infrared properties of adsorbed CO, come mainly from the chemical 
engineering literature. These experiments focus almost exclusively on the adsorption of CO, 
on metal oxides which are used as catalysts. One of the most commonly used materials for 
these adsorption studies is alumina (A1203). Studies of the adsorption of CO, on alumina 
in the 60's yielded conflicting results [e.g. 5,6,7]. The experimental results were reconciled 
with the recognition that the thermal history of the adsorbate was a critical factor in the 
kinds of absorption sites available -- i,e. the thermal history determined the hydroxyl 
concentration and activity of the sites [8]. The adsorption of CO, on alumina conforms to 
the following general pattern: Alumina heated to relatively low temperatures ( < 500 C) has 
large hydroxyl concentrations and absorption features are due to the formation of 
bicarbonate groups which have bands at 2.774 pm, 6.098 pm, 6.757 pm, and 8.097 pm 
(3605, 1640, 1480, and 1235 cm-I). At higher temperatures (500-700 C), fewer hydroxyl 
groups exist, the strength of the bicarbonate bands weaken, and poorly defined bands due 
to uncoordinated carbonate species occur, At still higher temperatures (700-1000 C), the 
bicarbonate bands disappear, carbonate bands appear at 6.024 pm, 6.536 pm, between 
6.92-6.80 pm, 7.299 pm, and between 8.13-7.874 pm (1660 cm-1, 1530 cm-1, between 1445- 
1470 cm-1,1370 em-1, and between 1230-1270 cm-1). These carbonate bands are very broad 
and overlap. Additionally, a strong and broad band centered between 4.274 - 4.219 pm 
(2340-2370 cm-1) caused by physically adsorbed CO, is also present [8]. If the alumina is 
treated with fluorine, this features shifts to 4.189 pm (2387 cm-')[5]. These results are 
specific to alumina. The wavelength, relative strength, and type of adsorption feature 
depends on the crystal structure of the substrate -- the geometry of the sites available for 
the CO, and the chemical bonds formed at those sites. 

Is there spectroscopic evidence for absorptions from adsorbed or chemisorbed C 0 2  on 
Mars? Figure 1 shows a telescopic spectrum of Mars between 3.6 and 4.4 pm and the 
output from an atmospheric model which fits the data at wavelengths between 4.4 and 5.1 
pm taken concurrently [9]. The model is a line-by line calculation that includes adsorption, 
emission, and multiple scattering by CO, H,O, CO and airborne dust, and a wavelength 
dependent surface albedo [10,11]. The discrepancy between the telescopic data and model 
output down-turn into the 4.3 pm C02 band is real. The agreement between the isotopic 
CO, bands at roughly 3.65, 3.85, and 4.05 pm rule out a substantial wavelength 
miscallibration. Attempts to broaden the C02  band in the atmospheric model have not 
worked. A suggested interpretation is that the discrepancy is caused by physically adsorbed 
co,. 
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Other spectroscopic evidence for adsorbed CO, may be present at longer wavelengths. 
Pollack et al. 1990 [12] attributed absorptions at 6.7 and 7.3 pm to carbonate or 
bicarbonate anions in the atmospheric dust on Mars, but were unable to find a specific 
mineralogic match. They suggested that the carbonate was in distorted crystalline site. 
However, given that CO, is easily chemisorbed to form bicarbonate and carbonate anions, 
this may be an alternative explanation. As discussed above, there is a bicarbonate feature 
centered at 6.757 pm, and a carbonate feature at 7.299 pm in alumina. 

The infrared spectra of adsorbed CO, on mineral substrates have not been measured. 
Given the sensitivity of the adsorption process to the hydroxyl group, infrared studies of 
adsorbed CO, on Martian soil analogues need to be undertaken before a definite 
identification can be made. 
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Figure 1. Results of atmospheric 
model (top) compared to ground- 
based telescopic measurements 
(bottom). Note how the drop- 
off into the 4.3 pm CO, band 
for the telescopic data starts 
at a shorter wavelength than 
the atmospheric model would 
predict. The adsorption features 
due to CO, with 170 and ''0 at 
-3.65, 3.85, and 3.95 pm in both 
spectra are consistent, indicating 
that the problem is not due to a 
wavelength calibration problem. 
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