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Introduction: Titan is the only body in the Solar 

System, besides Earth, with a dense nitrogen atmos-

phere and stable surface liquids. Titan’s atmosphere is 

predominantly nitrogen, with several percent methane, 

which enables a methane hydrologic cycle [1]. Ethane 

also participates in this cycle and is generated via me-

thane photolysis [2]. This atmosphere creates an envi-

ronment in which lakes of methane and ethane are sta-

ble on Titan’s surface [2]. The surface temperature at 

Titan’s poles falls to ~91 K [3], close to the freezing 

temperature of ethane. This means that ethane ice may 

be stable for short periods in time on Titan in local 

regions where temperatures locally drop below the 

mean regional temperature (e.g., if a pond evaporative 

cools). 

In this preliminary analysis, experimental data ac-

quired from freezing ethane and methane-ethane mix-

tures in a nitrogen atmosphere, are presented. This 

study focuses on the freezing process of ethane, as well 

as the dynamics of methane-ethane mixtures involving 

the dissolution of nitrogen. We explore the relationship 

between liquid methane, liquid ethane, nitrogen gas, 

and temperature. Our work helps to better understand 

the thermodynamic processes that may occur in Titan’s 

surface liquids. 

Methods: Experiments were conducted in the Uni-

versity of Arkansas’ Titan surface simulation chamber 

[4]. This chamber maintains a temperature of ~94 K 

and a pressure of 1.5 bar using liquid and gaseous ni-

trogen, respectively. The sample is condensed to liquid 

phase directly from a gaseous phase and is delivered 

into a petri dish connected to a hanging electronic bal-

ance. Once the liquid has accumulated in the petri dish, 

the temperature is lowered to ~87 K to induce freezing. 

Mass and temperature are continuously recorded for 

the duration of the experiment. 

Results/Discussion: As a preliminary study, we in-

vestigate the freezing points of pure methane and pure 

ethane in a 1.5 bar nitrogen atmosphere. Figures 1–3 

present example elements of these experiments. These 

include temperature data (Fig. 1), images of the sample 

(Fig. 2) and spectra of the sample (Fig. 3). 

We find that, in a 1.5-bar nitrogen atmosphere, the 

freezing temperature of ethane has an average freezing 

point of 87.59 K (with error). Methane, however, re-

mains liquid down to at least 86 K. Nitrogen dissolu-

tion suppresses the freezing temperatures of these liq-

uids. Nitrogen, however, is considerably more soluble 

in methane than ethane [5, 6, 7] and, therefore has a 

much greater effect on the freezing temperature of me-

thane. Our results suggest that ethane, but not methane, 

may be able to freeze on Titan. 

 

 
Figure 1: Temperature graph representing 87.15 K as the 

freezing point of ethane at 1.5 bar. 

 

 
Figure 2: Images of ethane in a frozen state (A) and liquid 

state (B). 

 
Figure 3: Spectra representing frozen and liquid ethane. The 

shift in percent absorbance indicates freezing has occurred. 

 

Next we investigate the freezing temperature and 

nitrogen solubility/dissolution (often in the form of 

nitrogen bubbles) of methane-ethane mixtures. Follow-

ing the same procedure and using varying concentra-

tions of methane and ethane, we lowered the tempera-

ture to 87 K (the lowest temperature we consider rea-

sonable for Titan) to determine if any ices form. After 

about 30 minutes, the temperature was raised to 104 K 

to determine the melting temperate of any ices that 

accumulated and to study the effects of nitrogen disso-
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lution. An ice layer is observed to form at the edge of 

the petri dish when the ethane concentration is greater 

than 20%. As the sample is initially warmed, bubbles 

are observed (Fig. 4), often becoming trapped beneath 

any ice layer that may have formed. Once the tempera-

ture has increased further, the ice melts and the bubbles 

are able to reach the surface. Based on the boiling 

points of methane, ethane, and nitrogen at 1.5 bar (125 

K, 90 K, and 83 K, respectively), these bubbles are 

most likely nitrogen. We believe that as the sample is 

cooled, some amount of ethane is separating from the 

methane-nitrogen-ethane mixture and is freezing. The 

remaining methane-rich liquid can then absorb addi-

tional nitrogen (since nitrogen is more soluble in me-

thane than ethane [7]). As the sample is warmed, the 

solubility of nitrogen decreases for two reasons: the 

increase in temperature and the increase in the ethane 

concentration as the ice melts [6]. This results in nitro-

gen dissolution. This model is described in greater de-

tail in Fig. 5. Nitrogen was not directly detected, nor is 

it possible to analyze the bubble contents at this time, 

but nitrogen is extremely likely to have caused this 

phenomenon.  

The amount of degassing observed depends on me-

thane concentration. There is a shifted bell curve with a 

peak around 70 mole% methane and no bubbles being 

formed at both 100% methane and 100% ethane con-

centrations (Fig. 6). This is consistent with the theory 

that the variation of the methane-ethane concentration 

during the temperature cycle is significant. Also ob-

served during bubble formation were temperature 

drops of up to 10 K in ~10 seconds (Fig. 7). This sig-

nificant decrease in temperature indicates substantial 

amounts of energy being removed from the liquid by 

this degassing process.  

Figure 4: An image from above of nitrogen bubbles cover-

ing half the petri-dish. 

 

Summary: We find that changes in ethane / me-

thane concentration could result in nitrogen degassing 

in Titan’s lakes. We propose that the freezing/melting 

of ethane results in changes in the methane-ethane con-

centration that can influence nitrogen solubility, result-

ing in the dissolution / exsolution of nitrogen gas. This 

should have significant implications for Titan lakes and 

rain. Additional experiments will be conducted to im-

prove accuracy of the freezing point of ethane in a 1.5-

bar nitrogen atmosphere, and to determine the homo-

geneity of the mixture, as well as to either accept or 

refute the ethane ice hypothesis. 

Liquid Evolution Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Liquid evolution model. A hypothesis of bubble 

formation. 

 

 
Figure 6: Represents methane mole fraction effect on bubble 

duration. 

 
Figure 7: Temperature dips during bubble formation. 
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