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Introduction:  Titan’s dynamic lakes of liquid me-

thane (CH4)/ethane (C2H6) have intrigued scientists for 
over a decade with their fascinating discoveries. Using 
the Visual Infrared Mapping Spectrometer (VIMS) 
onboard Cassini, probable evaporites with a 5-µm-
bright signature were identified in many dry lakebeds 
near Ligeia Mare at the north pole [1,2], Tui and Hotei 
Regios at the midlatitudes [3] and Ontario Lacus at the 
south pole [4,5]. In-depth studies of these 5-µm-bright 
regions have concluded that they are non-water ice ma-
terials. These observations combined have provided the 
foundation on which Titan’s evaporites can be studied. 

Recent evaporite studies have focused on models 
and theoretical work [6,7], but some experimental work 
is also being undertaken to constrain potential solvents 
and solutes that may be active in evaporite production 
[8-11]. This ongoing study expands the compounds 
studied by analyzing ethylene (C2H4), benzene (C6H6), 
and additional solutes in future experiments. 

Methods:  The University of Arkansas owns a spe-
cialized Titan simulation chamber that is designed to re-
produces Titan surface conditions [12]. This chamber is 
unique in that it provides real-time experimental data on 
the composition of simulated hydrocarbon samples. The 
chamber is made of stainless steel with a height of 2.08 
m and internal diameter of 0.61 m. We maintain a 1.5 
bar atmosphere with N2 and sustain temperatures of 90 
K – 94 K with liquid nitrogen (LN2), which is  circulated 
through cooling coils and cryogenic lines that surround 
the chamber and temperature control box (TCB). The 
TCB is cooled using this method, while the rest of the 
chamber serves to maintain the atmospheric pressure of 
1.5 bar.  

Compounds in gaseous phase at room temperature 
(CH4, C2H6, C2H4) are contained in gas cylinders, and 
introduced to the condenser via gas lines. C6H6, how-
ever, is a liquid at room temperature, so an Erlenmeyer 
flask was modified and connected to the condenser. We 
bubbled N2 through the Erlenmeyer flask for ~10 min 
until the N2 was saturated with respect to C6H6. Then, 
we opened the line to the condenser, which allowed N2 
to carry gaseous C6H6 into the condenser where C6H6 
condensed in the solid phase. After the compounds were 
added to the condenser and given time to condense and 
dissolve into the solvent, a solenoid valve was turned 
on, which allowed the liquid sample to transfer from the 
condenser to the petri dish at the bottom of the chamber. 
A layer of Spectralon®, which serves as a background 

for two-way transmission infrared spectroscopic meas-
urements, covers the petri dish. Here, the sample is an-
alyzed via Fourier transform infrared (FTIR) spectros-
copy probes connected to a Nicolet 6700 FTIR (wave-
length 1–2.5 µm) using a TEC InGaAs detector, CaF2 
beamsplitter, and white light source. 

Results and Discussion:   
Ethylene: Three different experiments were ana-

lyzed for C2H4 evaporites: CH4/C2H4 (Fig. 1), 
C2H6/C2H4, and CH4/C2H6/C2H4. Through band depth 
measurements, mass data, and spectral data, we deter-
mined that an C2H4 evaporite deposit only formed in the 
CH4/C2H4 experiment (Fig. 1). Since C2H4 only forms 
an evaporite with CH4 in the chamber, this suggests that 
C2H4 evaporites would form in similar way on Titan. 
We also observed horizontal band shifts in the charac-
teristic C2H4 absorptions (1.64 and 2.12 µm) (Fig. 2A, 
2B). This band shift represents a phase change from dis-
solved C2H4 to solid C2H4). Additionally, we observed 
the persistence of a band at 1.66 µm (Fig. 2C). This band 
was unusual in the fact that it was present in pure CH4, 
however band depth measurements confirmed complete 
CH4 evaporation by the end of the experiment.  

Benzene: We performed benzene experiments in both 
CH4/C6H6 and C2H6/C6H6 mixtures. Similar to the 
CH4/C2H4 experiment, we observed the persistence of a 
band at 1.66 µm, even after all other CH4 bands disap-
peared. When compared to the pure C6H6 spectrum from 
that experiment, the 1.66 µm band is the only difference.  

Fig. 1. Spectra from the CH4/C2H4 experiment. Offset 
spectra, initial spectrum in red (bottom), intermediate 
spectrum in black (middle), final spectrum in blue (top). 
Gray rectangles highlight VIMS atmospheric windows. 

1153.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



For the C2H6/C6H6 experiments, we initially main-
tained the sample at Titan temperatures (90 K), however 
no evaporite formed since C2H6 does not readily evapo-
rate at Titan conditions [13]. After warming the mixture 
to ~120 K, sustaining for 20 minutes, then cooling back 
to 90 K, we observed the appearance and persistence of 
a band at 1.936 µm (Fig. 3). We hypothesize that this 
feature could represent the formation of a co-crystal, 
since this warming/cooling cycle resulted in co-crystal 
formation in other groups’ experiments [9-11]. 

 
Future Experiments: Within the past year, we have 

made major updates to the chamber including: a new 
balance (Ohaus Ranger® 7000), an InF3-doped 5 µm fi-
ber (Thorlabs) that uses an InSb detector and IR source, 
additional cameras, and new cryogenic lines. These up-
dates have made the chamber design simpler, while also 
allowing for more precise measurements.      

With the new updates in the chamber and the capa-
bility of spectral measurements out to 5 µm, future ex-
periments will focus on three aspects: 1) identifying ab-
sorption bands in the 5 µm window, 2) analyzing mix-
tures with more than one potential evaporite compound 
(e.g. ternary mixtures), and 3) including nitrile com-
pounds to our mixtures.  

Identifying absorption bands in the 5 µm window 
will be extremely important and relevant to VIMS anal-
yses since our experimental spectra will soon be able to 
be compared to VIMS spectra.  

Experiments with mixtures of more than one poten-
tial evaporite compound (e.g. CH4/C2H6/C2H2/C2H4) 
were performed in the past using our Titan chamber 
[14], however we did not have the capability to analyze 
these mixtures in the 5 µm window. Future experi-
mental mixtures will include: CH4/C2H6/C2H2/C6H6, 
CH4/C2H6/C2H2/C6H4, Simulating quaternary mixtures 
such as these will give insight to processes such as dep-
osition order and potential co-crystal formation.  

Adding nitriles, such as acetonitrile (CH3CN) [15], 
to our mixtures will be beneficial in that it will allow us 
to characterize how the evaporation process differs 
when comparing to just hydrocarbon mixtures. Addi-
tionally, we know from previous works that acryloni-
trile (C2H3CN) is thought to be capable of forming 
membranes under Titan conditions [16, 17]. 

Conclusions: Under Titan conditions, we experi-
mentally formed C2H4 evaporites in a solution of CH4. 
The formation of the C2H4 evaporite is confirmed by ob-
servations of spectral data and band depth measure-
ments. We also observed a horizontal band shift to 
longer wavelengths in the characteristic C2H4 bands. 
Additionally, we observed the appearance of new bands 
in a C2H6/C6H6 mixture. These results insinuate inter-
esting chemistry is occurring in Titan’s lakes. Our im-
proved chamber will allow for better analysis of our ex-
periments in the 5 µm window, which is of great im-
portance when comparing our experimental spectra to 
VIMS-acquired spectra at Titan. Understanding more 
about the composition of Titan’s evaporites can help un-
lock these mysterious for future exploration. 
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Fig. 2. (A, B) Zoom of 
the 1.63 µm and 2.12 µm 
bands to show horizontal 
redshift. (C) Persistence 
of the 1.66 µm feature 
(shaded). 
 

Fig. 3. Spectra of 
the C2H6/C6H6 ex-
periment (initial at 
top, final at bot-
tom). Dashed lines 
show horizontal 
band shifts, gray 
rectangle highlights 
the appearance of 
the 1.936 µm band. 
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