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Introduction:  One of the major discoveries of the 

Cassini mission is the existence of large bodies of hy-

drocarbon lakes in the polar regions of Saturn’s moon 

Titan [1]. This makes Titan and Earth the only worlds 

in the Solar System with stable liquids on the surface. 

The complex atmospheric photochemistry on Titan 

produces a plethora of organic molecules that eventual-

ly make their way down to the surface [2, 3]. Evaporite 

desposits observed in dry lakebeds and also ringing 

several Titan polar lakes suggest that organic materials 

are being dissolved, and redeposited as the lake fluids 

evaporate [4]. However, the exact composition and 

amounts of the organic materials dissolved in Titan 

lakes are unknown and will likely require future in situ 

measurement. 

 
Figure 1. Apparatus for measuring solubilities under Titan condi-

tions. The blue glow is from intenal LED illumination. 

 

Our goal was to develop instrumentation and tech-

niques that could quantitatively determine the amounts 

of organic molecules present in cryogenic hydrocar-

bons  in the laboratory[5]. These measurments will 

help constrain the values for in situ measurments that 

could be expected for Titan lake fluids. We examined 

the solubilities of aromatic molecules benzene, bi-

phenyl, and naphthalene in ethane at 94 K using a UV 

fiber optic probe and an apparatus capable of maintain-

ing a constant temperature of 94 K (Figure 1) [5]. 

Among the organic molecules predicted to be on 

Titan’s surface are aromatic molecules such as ben-

zene. Benzene has been detected at high altitudes in 

Titan’s upper atmosphere (another suprising discovery 

from the Cassini misision) [6] and has been identified 

on the surface by Cassini’s VIMS instrument [7]. Re-

cent laboratory work simulating Titan’s atmosphere has 

shown that the presence of benzene could significantly 

change the atmospheric production rates and composi-

tion of organic aerosols towards more complex aro-

matic molecules [8]. These include molecules such as 

polyaromatic hydrocarbons (PAHs) or polyphenyls. 

Naphthalene is the simplest polyaromatic hydrocarbon 

(PAH) and can be used as an end-member proxy for 

that entire class of molecules. Naphthalene has been 

idientified in Titan’s atmosphere from INMS data [9]. 

However, that same data was interpreted by Delitsky 

and McKay to suggest that polyphenyls, which are 

more likely to form at lower temperatures, were re-

sponsible for the ion signals [10]. Polyphenyls are ben-

zene rings linked by a single bond and capable of some 

(hindered) rotation; the simplest endmember of that 

series is biphenyl. The detection and relative solubilites 

of each of these molecules is of interest and may serve 

to indicate the solubility trend of higher homologues of 

fused aromatics and linked aromatics. 

 
Experimental:  In a typical experiment run, a small 

amount of solid test sample is placed to an insulated 

beaker containing 100 mL of liquid ethane held at 94 

K. Using differential pressure, some of the solution is 

pulled past a fritted glass filter into a tube containing a 

Ocean Optics UV-Vis fiber-optic probe [5]. The ab-

sorbance is measured at regular timepoints until equi-

librium saturation is reached, and the quantity of mate-

rial in solution at each time point can be determined by 

comparison with a calibration. The calibration tech-

nique was further validated by adding a known quantity 

of material to ethane at low temperature and measuring 

the absorbance. Figure 2 shows the measured spectrum 

of biphenyl in ethane at 94 K even at sub-milligram per 

liter concentrations. For comparison, 0.05 mg L
-1

 is the 

WHO limit for chromium in drinking water. 

 
Figure 2. Absorbance spectrum of a saturated (0.039 mg L-1) 

solution of biphenyl in ethane at 94 K. 
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Results and Discussion.  The equilibrium solubili-

ties of benzene, naphthalene, and biphenyl are listed in 

Table 1.  

 
Table 1. Table of determined equilibrium solubilities (csat) of 

aromatic molecules 

compound molecular 

formula 

m.w. c(sat) 

[mg L-1] 

c(sat) 

[M] 

benzene C6H6 78.11 18.27 2.3 x 10-4 

naphthalene C10H8 128.17 0.159 1.2 x 10-6 

biphenyl C12H10 154.21 0.039 2.5 x 10-7 

 

Larger aromatic constructs, such as terphenyl or an-

thracene, would be effectively insoluble, with equilib-

rium concentrations predicted to fall below 0.001 mg 

L
-1

. 

Using our technique, we were able to determine the 

concentration of two components simultaneously. Fig-

ure 3 shows the absorbance spectra obtained with a 

saturated solution of naphthalene (0.16 mg L
-1

) and 

added benzene in pentane. From our results, adding 

benzene (or pentane) did not significantly increase the 

solubility of naphthalene. 

 

 
Figure 3.  Spectrum of naphthalene at saturation after addition of 

benzene to bring the solution concentration to 10 mg L-1 benzene in 

ethane at 94 K. 

 

Implications for Titan lake concentrations and 

sediments: The time required to achieve saturation 

from direct atmospheric infall into a Titan lake can be 

determined from the atmospheric flux rate and equilib-

rium solubility of the chemical species, and the surface 

area and volume of a given Titan lake. Until saturation 

is reached, all the atmospheric materials will dissolve 

in the lake fluids. After saturation is reached, the ex-

cess materials would precipitate out as a sludge on the 

lake bottom at a rate matching the atmospheric flux. As 

an example, Ontario Lacus has a surface area of 1.5 x 

10
10

 m
2
. Assuming an average depth of 3 m, this trans-

lates to a total lake volume of 4.5 x 10
10

 m
3
 (= 4.5 x 

10
13

 L) ethane. Using a benzene flux rate of 1.8 mole-

cules•cm
-2

•s
-1

 [2], and working through the calcula-

tions, benzene saturation will be reached in 750,000 yr. 

Assuming a naphthalene and biphenyl flux rate 3 or-

ders of magnitude less than that of benzene , we attain 

lake saturation of those molecules in 4 Myr. and 

800,000 yr. (Biphenyl attains saturation faster due to 

it’s lower solubility). These values assume no influx 

from the drainage area, this only takes into account 

direct airfall onto the lake surface. Estimates of Titan’s 

surface from the cratering record suggests a young sur-

face less than 1 Gyr. If we assume a constant atmos-

pheric flux rate, we would expect lake saturation to 

occur on a timescale significantly less than the maxi-

mum implied surface age. 

 

 
Figure 4. Graphic showing how airfall from a lake reaches satura-

tion in 750,000 years.  Excess is deposited as sediment. 

 

Conclusions:  We have successfully measured the 

equilibrium solubilities of benzene, naphthalene and 

biphenyl with a fiber optic UV probe at cryogenic tem-

peratures. While benzene is poorly soluble, naphtha-

lene and biphenyl are sparingly soluble and all will 

attain lake saturation on a geological timescale. It is 

expected that higher orders of PAHs and polyphenyls 

will be effectively insoluble in cryogenic hydrocar-

bons, such as those that exist in Titan’s polar lakes. 
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