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Abstract

CO2 is a powerful diagnostic tool for analyzing re-
mote IR data, as it has been detected on icy moons
in the outer solar system. IR absorption profiles of
CO2 within ice mixtures containingH2O andCH3OH

change with respect to temperature and mixture ratios.
Laboratory analogs facilitate understanding of the in-
teractions ofCO2 molecules withH2O andCH3OH.
In this particular study, theCO2 stretch mode around
4.3µm (2350cm−1) is systematically observed in dif-
ferent mixtures withH2O andCH3OH in tempera-
ture ranges from 15K to 150K, as well as vibrational
modes in the near-IR such as the combination bands
near 2.7µm (3700cm−1) and 2.0µm (5080cm−1).
These data may then be used to assist with interpre-
tation of spectra from icy planetary surfaces.

1. Introduction
Previous studies have demonstrated the importance of
laboratory-generated spectra in interpreting data from
extraterrestrial ices (e.g., [4, 5, 7, 10]). While plan-
etary surfaces in the outer solar system are known to
contain solidH2O, CO2 has also been detected along
many lines of sight [3, 8].CO2 IR absorption profiles
in laboratory spectra ofCO2 ice mixtures have been
shown to be sensitive to conditions of the ice, such
as temperature and composition [6, 9, 11, 12]. These
studies further prompted a systematic investigation of
CO2-containing ice mixtures.

In the new laboratory study described here, the IR
spectra of ices bearingH2O, CH3OH, andCO2 have
been measured with systematically varying composi-
tions and temperatures that span the range of the val-
ues expected on icy surfaces in the outer Solar System.
The mid-IR spectra (λ = 2.5-25µm) were measured
for several different ice compositions at temperatures
ranging from 15Kto the sublimation temperature of
CO2 in the particular mixture. In addition, spectra in
the rangeλ = 0.9-3.5µm were studied to identify tem-
perature and mixture ratio effects on theCO2 com-

bination bands [2]. Some mixtures were heated until
theCO2 component sublimated out, while others were
heated and then cooled.

2. Figures

Figure 1: The 4.3µm stretch mode ofCO2 in aH2O

+ CH3OH + CO2 (10:1:1) mixture deposited at 50K
and warmed 2Kmin−1.
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3. Tables

Table 1: Some mixtures and ratios investigated in this
study.

Mixture Ratio
H2O + CO2 20:1
H2O + CH3OH + CO2 1:1:1
H2O + CH3OH + CO2 10:1:1
H2O + CH3OH + CO2 10:10:1
H2O + CH3OH + CO2 100:1:1
H2O + CH3OH + CO2 100:48:1
H2O + CH3OH + CO2 1:10:1

4. Summary and Conclusions
Absorbance peak positions for theCO2 stretch mode
(e.g., Figure 1) and some of the combination modes
in the near-IR were documented in all experiments.
There appears to be a correlation between tempera-
ture and peak position, especially with the fundamen-
tal stretching mode feature. As temperature increases,
some of theCO2 vibrational modes split (Fig. 1) sug-
gesting ice segregation, probably due to the formation
of a type IIH2O-CH3OH clathrate [1].CO2 was also
present in mixtures deposited at temperatures above
50K in samples containing more than 50 %H2O.
This suggests thatCO2 may deposit on outer plane-
tary surfaces with temperatures exceeding the subli-
mation temperature of pureCO2. These data will be
made available to the scientific community for use in
interpreting spectra from extraterrestrial ices, pending
publication [13].
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