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Introduction: H,0 and CO, are important con-
stituents of ices the Solar System [1]. They are two of
the most abundant molecules found in the interstellar
medium, out of which the Solar System formed [2,3].
H,0 and CO, are also found on many different satel-
lites in the form of ices. By studying the IR spectra of
these ices and the effects of UV photolysis we can
obtain important information about their evolution.
While there is an abundance of literature pertaining to
the mid-IR spectra of photolyzed ices (A = 2.5-25 um)
[4], research in the near-IR (A = 1-2.5 pm) is slowly
increasing. Part of this work is meant to complement
previous studies of UV photolyzed H,O+CO, ices
[5,6].

The near-IR contains vibrational combination and
harmonic modes, which are weaker than the funda-
mentals and therefore harder to detect. These features
are important for planetary ices due to the fact that the
Sun’s radiation output peaks in the visible and it emits
more photons in the near-IR than in the mid-IR. How-
ever, UV photons do not completely penetrate ices
thicker than about 1 um. Nevertheless, ices must be
much thicker in order to possess strong near-IR ab-
sorption features (about 10 to 50 um thick). In our
experiments, we have created thick, UV photolyzed
ices using three different methods, which are com-
pared in the following sections.

Experiment: Gases to be studied were placed into
a gas bulb in the desired mixing ratio via a separate gas
manifold, and then deposited through a thin tube onto
a substrate attached to the end of a rotatable cold fin-
ger, which can be cooled to 9 K and heated to 300 K
with a resistive heater element. The vacuum chamber
contains two IR transparent windows made of KBr and
is situated inside the sample compartment of a Thermo
Mattson Infinity Gold FTIR spectrometer. The UV-
emitting microwave discharge H, flow lamp sits di-
rectly above the vacuum chamber and emits UV light
onto the substrate through a MgF, window. The sub-
strate may be turned to either face the spectrometer’s
IR beam or the UV lamp. A 1:1 mixture of H,O +
CO, was used in these experiments to optimize the
production of H,CO;.

Methods: The first method was to deposit a thin
layer of ice (0.1-1 um) onto the substrate. Near- and
mid-IR spectra of the deposited ice were measured, the
substrate was turned, and the sample photolyzed for

256 m. This process was repeated for a total of ten
layers for a combined time of 2560 m (42 h 40 m).

The second method examined in these experiments
was to simultaneously deposit the ice while photolyz-
ing it with the UV lamp. The method was stopped
every two hours in order to obtain near- and mid-IR
spectra to monitor development of photoproducts’ ab-
sorption features. This experiment was performed for
the same amount of time (2560 m).

The third method was a combination of the first
two methods. The ice was simultaneously deposited
while photolyzing for 30 m. The IR spectrum of the
ice was measured, and the ice was photolyzed for an
additional 2 h. The total duration of this experiment
was 2550 m, with a total of 17 layers.

Results and Discussion:  The simultaneous
method displayed the highest rate of CO production
(8.2x10"° ¢cm™s™), while the layering method appeared
to be the slowest (1.8x10"° cm™s™). The combination
method displayed a CO production rate of
3.6x10" cm?s™!. We have used the CO/CO;, ratio to
compare the effectiveness of these three methods at
producing photochemical changes per molecule depos-
ited during the experiment. While the simultaneous
method (CO/CO, = 0.045+£0.007) rapidly produced
photochemical changes, it did not produce them nearly
as effectively as the combination (CO/CO,
0.10£0.02) or layering methods (CO/CO, =
0.118+0.006).
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