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Introduction: Besides Earth, Titan is the only 

known planetary body with a thick nitrogen (N2) 

atmosphere, and stable liquids on its surface. Titan’s 

N2 atmosphere and smaller atmospheric constituent, 

methane (CH4), allows the moon to have a methane 

hydrologic cycle [1] and the minor presence of ethane 

(C2H6), through methane photolysis [2]. These 

processes create stable CH4- C2H6 dominated lakes on 

Titan’s surface [2]. These lakes are possible due to the 

triple point (~91 K) of CH4 and C2H6 falling very close 

to Titan temperatures. This means C2H6 and CH4 ice 

could also be a strong possibility if Titan becomes 

slightly colder or if specific processes allow temporary 

cooling of the surface.  

In this study, experimental results in the CH4-C2H6-

N2 ternary system are presented. We focus on 

processes such as dissolution and exsolution as a 

function of temperature, as well as kinetics of N2 gas 

into varying CH4- C2H6 liquid mixtures. The outcome 

of this study will improve our understanding of 

geological processes occurring on Titan’s surface. 

Methods: The experiments were conducted at the 

University of Arkansas’ Titan surface simulation 

chamber [3] which retains a temperature of ~94 K and 

pressure of 1.5 bar N2 using liquid N2 and N2 gas, 

respectively. The sample is condensed from gas to 

liquid phase inside a condenser, then released onto a 

petri dish connected to a hanging electronic balance. 

Here, the temperature is either kept steady in the case 

of N2 dissolution and kinetics or lowered to ~85 K then 

warmed for exsolution. Mass and temperature are 

continuously recorded for the duration of the 

experiment.  

Results/Discussion: Nitrogen Dissolution. 
Here we explore the solubility of N2 as a function of 

CH4 concentration in CH4- C2H6 mixtures (Fig. 1) and 

temperature in pure CH4 (Fig. 2). We find dissolved 

N2 exponentially increases with a linear increase in 

CH4 concentration, and N2 solubility in pure CH4 is 

inversely related to temperature.  

The dissolution of N2 in CH4-C2H6 mixtures 

increases from a 1 mol% of N2 at 74 mol% CH4, to 

~15% N2 in 100% CH4. Since N2 does not show 

noticeable dissolution in C2H6 [4], we assume it is 

negligible compared to the role of CH4 during our < 1 

hour of dissolution. This study confirms that N2 

dissolves far more easily in CH4 than in C2H6 [5]. 

With 100% CH4, the large spread of N2 mole 

fraction values correlates to the temperature of the 

sample liquid. We see an exponential trend with a 

change of ~ 10 mole% CH4 change per ~1o K, 

implying a strong dependence of N2 dissolution on 

temperature. Thus, a small change in Titan’s surface 

temperature can strongly influence the concentration 

of dissolved N2 in Titan’s lakes. 

 

 

 

 

 

 

 

 

 

Figure 1. Mole fraction of dissolved N2 as a function of 

initial mole fraction of CH4 in a CH4- C2H6 mixture. An 

exponential increase of N2 solubility is observed with 

increasing CH4 above 0.7 mole fraction of CH4, and a 

decreasing mole fraction with increasing temperature in pure 

CH4. 

 

 

 

 

 

 

 

 

 

Figure 2. An exponential trend with N2 dissolution in 100% 

CH4 with decreasing temperature. 

 

Nitrogen Exsolution: Since N2 dissolution occurs in 

CH4, N2 exsolution also occurs, occasionally in the 

form of bubbles. For exsolution experiments, varying 

concentrations of CH4 and C2H6 were lowered to ~85 

K to induce freezing of C2H6 and then raised to ~102 

K. During this warming transition, bubbles began 
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forming rapidly where the mixture visually appeared 

to be in a liquid state (Fig. 3), and in another area larger 

bubbles moved under an ice layer. These bubbles are 

0.83 – 5.5 mm in diameter. 

Additionally, the interaction of CH4, C2H6, and 

temperature drive the formation of N2 bubbles. The 

liquid evolution model (Fig. 4) describes this 

hypothesis in greater detail. The duration of the bubble 

release follows a Gaussian-shaped curve with varying 

CH4-C2H6 concentration with a peak around 67 mol% 

CH4. Subsequently, 100% CH4 and 100% C2H6 result 

in a lack of surface bubble formation (Fig. 5). Also, 

bubbles have associated temperature dips. The most 

significant recorded was ~10 degrees Kelvin in 12 

seconds resulting from the largest concentration of 

bubble formation. This significant decrease in 

temperature indicates an endothermic reaction with a 

positive enthalpy. Therefore, the solution is not ideal.  

 

 

 

 

 

Figure 3: An image from above of N2 bubbles covering half 

the petri-dish. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Liquid evolution model. A hypothesis of N2 

bubble formation. 

 

 

 

 

 

 

Figure 5: Bubble duration versus CH4 mole fraction. 

Kinetics: This section introduces the next steps in 

our hydrocarbon experiments: the kinetics and rate of 

dissolution of N2 gas in liquid CH4. The formation of 

bubbles is a dynamic process and understanding the 

kinetics of N2 dissolution is of prime importance for 

explaining these observations.  This study utilizes the 

plateau and steady state evaporation sections of the 

mass vs. time curve to understand the dissolution and 

diffusion processes as N2 crosses the gas-liquid 

interface. After setting the beginning of dissolution to 

zero and correcting for CH4 evaporation (Fig. 6), the 

rate of N2 saturation can be calculated through 

modeling. These rates will further our understanding 

of CH4-N2 mixtures in Titan’s lakes and contribute to 

Titan lake and surface-atmosphere interaction models. 

 

 

 

 

 

 

 

 

 

Figure 6: An example of a slope corrected mass vs. time 

curve. This mixture has an original composition of 97% CH4 

and 3% C2H6 at 93.6 K. N2 comprises 1.3 g or 1.8%, and 

reached saturation in ~600 seconds. 

 

Conclusion: This study investigates how varying 

CH4-C2H6 mixtures interact with a 1.5 bar N2 

atmosphere. We conclude N2 dissolves into CH4 more 

readily than C2H6. Above 70% CH4, we see an 

exponential trend with increasing CH4 percentage and 

an exponential trend with decreasing temperature in 

100% CH4 is also present. Furthermore, N2 bubbles 

have the highest bubble population at ~67 mol% CH4. 

Now we are beginning to explore kinetics and rate of 

dissolution of N2 gas in liquid CH4. The results of this 

study are important in improving Titan 

thermodynamic and atmospheric models, as well as to 

advance our understanding of geologic and kinetic 

processes on Titan’s surface and lakes. 
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