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Introduction: The Cassini-Huygens mission led to 

the identification of hundreds of hydrocarbon lakes on 
the surface of Titan. These lakes are mainly confined 
to the colder and presumably more humid polar re-
gions, with more observed lakes in the north [1]. The 
primary components of the polar liquids are thought to 
be methane and ethane [e.g. 2]; however, little is 
known on the ratio of these hydrocarbons in the lakes. 
The predominance of methane-ethane mixtures has 
been confirmed by liquid-atmosphere equilibrium 
thermodynamic and geochemical models [2-4], but 
with contradictory results, spanning most of the mix-
ture compositional range. The discrepancy in the vari-
ous model results may be due to the absence of ex-
tended datasets at Titan-relevant cryogenic tempera-
tures and pressure.  

Here we report on experimental simulations of the 
evaporation of liquid ethane and methane-ethane mix-
tures, obtained at a temperature and pressure relevant 
to Titan's poles (~92 K and 1.5 bar N2) for various me-
thane-ethane mole fractions. We also propose a model 
to describe the measured binary mixture evaporation, 
and discuss the implications of our results to Titan’s 
lakes. We suggest that such results, along with Cassini 
observations can be used to estimate the methane-
ethane concentration of Titan’s polar liquids.  

Methods: The facility used for the experiments 
was specifically designed to simulate Titan surface 
conditions. Temperatures relevant to Titan’s poles are 
reproduced via liquid nitrogen flow through coils at 
various locations inside the chamber, while a 1.5 bar 
atmosphere is maintained with pressurized N2. A de-
tailed description of the simulation chamber can be 
found in [5].  

The experimental protocol follows that of pure CH4 
experiments [6] to the most part. Before simulating 
CH4-C2H6 mixtures though, we ran controlled experi-
ments on pure C2H6. Ethane gas is introduced into the 
condenser maintained at 110 K, then the condensed 
liquid is drained into a petri dish connected to a scale, 
and the mass change is continuously recorded. This 
step is followed by introducing methane on top of 
ethane when simulating mixtures, once the temperature 
in the condenser reaches ~94 K. Using gas injection 
times and fluxes we can control liquid masses of these 
different hydrocarbons based on the desired concentra-
tions to be simulated. Evaporation rate is determined 
by a least-squares fit to various portions of the data 
depending on the simulated sample.  

Results: Mass data as a function of time is shown 
for pure ethane (Fig. 1) and ethane-methane mixtures 
of selected concentrations (Fig. 2). We find that evapo-
ration is negligible for pure C2H6 on the scale of our 
experiments (Fig. 1). The mixtures show time-
dependent mass loss, exhibiting distinct behaviors de-
pendent on methane concentration (Fig. 2). Evapora-
tion rates for mixtures with various CH4-C2H6 compo-
sitions are shown in Figure 3. 

 

 
Figure 1.  Mass vs. time for pure C2H6 and the correspond-
ing atmospheric and liquid temperatures. The lack of  mass 
loss over time indicates that ethane does not evaporate under 
Titan temperature and pressure conditions. 

 
Model for Binary Mixture Evaporation: To under-

stand the underlying evaporation processes we have 
developed a model based on mass loss through diffu-
sion and buoyancy. The model used for pure CH4 
evaporation [6] has been adapted and modified for 
binary mixtures. Results from the model for dry and 
humid atmospheres are also shown in Figure 3. 

Discussion: We show that the lack of pure C2H6 
evaporation is due to its extremely low saturation pres-
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sure combined with the fact that it is not buoyant in a 
N2 atmosphere. Mixture evaporation, however, in-
creases nearly linearly with increasing CH4 concentra-
tion, although at a lower rate than would be expected 
for a simple binary mixture. Indeed, methane is the 
only volatile phase, but early dissolution of N2 in 
thane-rich environments results in a ternary mixture 
that further reducing evaporation. As our experiments 
show, this initial N2 dissolution is only prominent for 
mixtures with CH4 concentrations > 70 mol% (Fig. 2). 

Figure 3. Evaporation rate as a function of methane mole 
fraction. Evaporation rate results from previous models and 
observation are also shown. 

 
Implications for Titan: From our experimentally 

determined evaporation rate and the observed shoreline 

changes of Ontario Lacus [7] we approximate the me-
thane content of Ontario Lacus to be 10-30%. This 
implies that it is primarily composed of ethane, hence 
it is most probably a residual lake that has incurred 
extensive methane evaporation. This method of com-
bining Cassini observations of shoreline changes with 
our experimental evaporation data presented here pro-
vides a way to estimate the methane-ethane concentra-
tion of any polar lake on Titan. 
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Figure 2 . Mass vs. time (top) and temperature vs. time (bottom) curves for CH4-C2H6 mixtures of different 
concentrations.  
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