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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 (CH4) and ethane (C2H6) as well as a 
variety of other hydrocarbons and hydrocarbon ices [2, 
3]. However current results lack precision and the 
solubility of these various molecules under Titan con-
ditions is not very well studied. Acetonitrile (CH3CN) 
in particular is of great interest due to its astrobiologi-
cal implications and its role as a potential precursor in 
the formation of amino acids [4].  

In order to study acetonitrile’s solubility in CH4 
and C2H6 and whether it can be spectrally detected, 
bench-top experiments were performed in which spec-
tra was taken of acetonitrile-saturated hexane (C6H14). 
To study CH3CN under Titan conditions, it was mixed 
with liquid CH4 and C2H6 within a chamber which 
simulates Titan surface temperature, pressure and at-
mosphere [5].  

 
 
 

 
Figure 1. Phase diagram for C6H14 and CH3CN. The left 
curve of the graph represents the saturation of CH3CN in 
C6H14 at various temperatures. Image credit [6]. 
 
 
 
 
 
 
 

Methods:   
Bench-top experiment. The bench-top experiment was 
performed by saturating liquid C6H14 with liquid 
CH3CN. C6H14 was chosen because it remains in liquid 
form at ambient temperatures and because of its spec-
tral similarities to other simple chained hydrocarbons 
like ethane. 

CH3CN was saturated in C6H14 by gradually mix-
ing it drop by drop . Mixing between drops was per-
formed using a closed container. The solution was then 
transferred to an open container covered by spectralon 
(reflectance background), in which spectra were taken 
using FTIR so that comparisons could be made with 
increasing concentration. The saturation concentration 
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 or gaseous nitrogen [5].  

N2 gas was first bubbled through liquid CH3CN at 
ambient temperature allowing us to introduce CH3CN 
to the chamber in gas form. The gas mixture flowed 
into the condenser over a time-span of approximately 
20 minutes, during which time the pressure valve was 
kept open to allow the CH3CN-N2 gas to flow as well 
as the bottom solenoid valve which allowed the N2 gas 
to escape after the CH3CN condensed onto the con-
denser’s walls. Next, CH4 or C2H6 was condensed over 
CH3CN ice within the condenser. The liquid then 
passes through a fritted glass filter (25-60 µm) and 
collects onto a petri dish exposed to the Titan-
simulated atmosphere at approximately 94 K and 1.5 
bar where spectra is then taken.  

 
Results and Discussion: 
Bench-top experiment. CH3CN-saturated C6H14 spectra 
can be seen in Figure 2 with pure CH3CN and C6H14 
spectra present for comparison. No definite CH3CN 
features could be identified in the spectrum of satu-
rated hexane, although potential features might be 
made clearer with further analysis. This suggests that 
the solubility of CH3CN is below the detection limit by 
FTIR, since the solubility of CH3CN is about 2 wt% at 
ambient temperature (e.g. Fig. 1). It is also possible 
that slow kinetics prevented full saturation from being 
reached during sample preparation.  
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Figure 2. NIR spectra from bench-top experiment of 
CH3CN-saturated C6H14 with pure CH3CN and C6H14 spectra 
for comparison. 
A 

 
B 

 
Figure 3. NIR spectra from chamber experiments of CH3CN 
in CH4 (A) and C2H6 (B). * indicate CH3CN spectral fea-
tures. 

 
Chamber experiments. CH3CN features are clearly 
identified in both liquid CH4 and C2H6 experiments as 
is seen in Fig. 3A and Fig. 3B, respectively. In CH4, 
features can be seen at wavelengths: 1.14, 1.46, 1.48 
and 1.94 µm with distinct widening between 1.65-1.68 
µm. The features at 1.46 and 1.48 µm correspond to 
CH3CN CN stretch. In C2H6, features can be seen at 

wavelengths: 1.14, 1.46 and 2.8 µm with clear evi-
dence of approaching saturation  point between 1.68-
1.74 µm. Once again, evidence of the CN stretch is 
present in the 1.46 µm feature. The band depth of the 
absorption band centered at 1.46 µm is greater in C2H6 
then in CH4, which reflects greater solubility in liquid 
ethane. The negative slope at 2.0 µm in CH4 and 
CH3CN mixture is overlaying with the absorption band 
at 2.2 µm but clear there is shift the band due to 
CH3CN. In C2H6–CH3CN mixture, the occurrence of 
negative slope reflects high solubility.  
Conclusion: We have studied the solubility of 
CH3CN in Titan liquid hydrocarbons and found out 
CH3CN might be more soluble in C2H6 than CH4. 
Solubility experiments of hydrocarbon ices within Ti-
tan lakes is not very well studied nor understood under 
Titan conditions. Knowledge of this can be very useful 
when studying the compositions of evaporites as lake 
levels decrease through evaporation. The absorption 
bands 1.59 µm and a negative slope at 2.0 µm lies in 
the two of VIMS atmospheric windows and can be 
used to detect CH3CN in the Titan lakes. Observations 
made in lab will be necessary to determine the amount 
of solutes present in Titan lakes.  Spectrally studying 
CH3CN in particular under Titan 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.   
Future Studies: Future studies will include attempting 
to use a spectral-unmixing program along with mass 
data obtained from chamber experiments to calculate 
values for the solubility of CH3CN in C2H6 and in CH4. 
Future studies could also extend to other hydrocarbon 
ices such as benzene (C6H6), acetylene (C2H2) or bu-
tane (C4H10) and applying the same methods to calcu-
late the solubilities of each compound.  It will also be 
of interest to observe the effects of CH4 as it evapo-
rates, leaving CH3CN evaporites behind.  
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