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Introduction: Titan is the only body aside from Earth
on which stable bodies of liquid have been found [1].
Its lakes contribute to a methane-driven hydrological
cycle making it a good analog to an early Earth. The
exact composition of its lakes however is still a subject
of study. They are thought to be composed predomi-
nantly of methane (CH.) and ethane (C>Hs) as well as a
variety of other hydrocarbons and hydrocarbon ices [2,
3]. However current results lack precision and the sol-
ubility of these various molecules under Titan condi-
tions is not very well studied. Acetonitrile (CH3CN) in
particular is of great interest due to its astrobiological
implications and its role as a precursor in the formation
of amino acids [4].

In order to study acetonitrile’s solubility in CHy
and CoHs and whether it can be spectrally detected,
bench-top experiments were performed in which spec-
tra was taken of acetonitrile-saturated hexane (CsHi4).
To study CHsCN under Titan conditions, it was mixed
with CHy and C;He within a chamber which simulates
Titan surface temperature, pressure and atmosphere

[5].
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Figure 1. Phase diagram for C¢Hi4 and CH3CN. The left
side of the graph represents the percent at which CeHi4 is
saturated with CH3CN with varying temperature. Image cred-
it [6].

Methods:

Bench-top experiment. The bench-top experiment
was performed saturating CeHi4 with liquid CH5CN.
CsHi4 was chosen because it remains in liquid form at
ambient temperatures and because of its spectral simi-
larities to CH4 and C>Hs

Ce¢His was saturated by gradually mixing in
CH5CN drop by drop. Mixing between drops was per-
formed using a closed container. The solution was then
transferred to an open container in which spectra was
taken using FTIR so that comparisons could be made
with increasing concentration. The saturation concen-
tration was estimated using a phase diagram (Fig. 1).

Chamber experiments. Experiments under Titan
conditions were performed using a Titan simulation
chamber in which Titan temperatures and pressures are
reached using liquid nitrogen [5].

N, gas was first bubbled through liquid CH3CN al-
lowing us to introduce CH3CN to the chamber in gas
form (Fig. 2). The gas mixture flowed into the conden-
ser over a time-span of approximately 20 minutes, dur-
ing which time the pressure valve was kept open to
allow the CH3CN-N; gas to flow as well as the bottom
solenoid valve which allowed the N> gas to escape
after the CH3;CN condensed onto the condenser’s
walls. Next, CH, or C;Hg was condensed over CH3;CN
within the condenser. The liquid then passes through a
filter and collects onto a petri dish exposed to the Ti-
tan-simulated atmosphere of approximately 94 K and
1.5 bar where spectra is then taken.

Figure 2. CH3CN saturation ap-
paratus. N2 gas bubbles in from the
top and the gas mixture flows out
through the side to the chamber.

Results and Discussion:

Bench-top experiment. CH3;CN-saturated CsHiy
spectra can be seen in Figure 2 with pure CH3CN and
CeHis spectra present for comparison. No definite
CH;CN features could be confirmed in the saturated
spectra, although potential features might be made
clearer with further analysis. It is unclear as to why
these features could not be detected. It is possible that
with the amount of mixing required to dissolve the
CHsCN in the C¢Hia, evaporation prevented full satu-
ration from being reached. Although the mixing was
done in a closed container, the spectra were taken us-
ing an open container.
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Figure 3. NIR spectra from bench-top experiment of
CH3CN-saturated CsHi4 with pure CH3CN and CeHi4 spectra
for comparison
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Figure 4. NIR spectra from chamber experiments of
CH3CN in CH4 (A) and C2Hs (B). The starred locations indi-
cate the presence of CH3CN features

Chamber experiments. CH3CN features are clearly

defined in both CH4 and C>Hs experiments as is seen in
Fig. 4A and Fig. 4B. In CH,, features can be seen at
wavelengths: 1.14, 1.46, 1.48 and 1.94 pm with dis-
tinct widening between 1.65-1.68 pm. The features at
1.46 and 1.48 um correspond to CH3CN CN stretch. In
C,Hs, features can be seen at wavelengths: 1.14, 1.46
and 2.8 pm with clear evidence of saturation having
been reached between 1.68-1.74 uym. Once again, evi-
dence of the CN stretch is present in the 1.46 pm fea-
ture.
Applications to Titan: Solubility experiments of hy-
drocarbon ices within Titan lakes is not very well stud-
ied nor understood under Titan conditions. Knowledge
of this can be very useful when studying the composi-
tions of evaporites as lake levels decrease through
evaporation. Using spectroscopy as a tool to determine
these solubilities is even more valuable considering it’s
one of the few tools we have at our disposal directly on
Titan (e.g. VIMS instrument on Cassini).

Spectrally studying CH3CN in particular under Ti-
tan conditions is of value to the astrobiological studies
being done as CH3CN is one of the precursors in the
formation of amino acids--one of the hypothesized first
steps in the creation of life.

Conclusions and Future Studies: Solubility calcula-
tions still have not yet been made. Future studies will
include attempting to use a spectra-unmixing program
along with mass data obtained from chamber experi-
ments to calculate values for the solubility of CHsCN
in C2He and in CHa. Future studies could also extend to
other hydrocarbon ices such as benzene (C¢Hs), acety-
lene (C,H>) or butane (CsHio) and applying the same
methods to calculate the solubilities of each com-
pound. It might also be of interest to repeat these ex-
periments to check for consistency, as well as to spec-
trally observe the effects of CHy as it evaporates, leav-
ing CH;CN evaporites behind.
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