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Introduction:  Tholins are complex organic materi-

als produced via photolysis of methane and dinitrogen 

gases in Titan’s upper atmosphere. These long-chained 

hydrocarbons sediment to the Saturnian moon surface 

and interact with liquid hydrocarbons via methane rain 

[1-2] and methane-ethane-nitrogen dominated lakes and 

seas [3-6]. However, preliminary studies have shown 

that tholins are only weakly soluble in non-polar sol-

vents such as methane and ethane, and soluble in polar 

solvents [7-11]. 

Kawai et al. [12] and He et al. [13] detected amino 

acids (e.g. glycine, alanine) as products of solubility of 

tholins dissolved in polar solvents. Studies have found 

that the solubility of tholins increases as the polarity of 

the solvent increase [7-10]. Our current study deter-

mines the solubility of Titan tholins in solutions of liq-

uid hydrocarbons (hexane) mixed with nitriles, such as 

acrylonitrile and acetonitrile. These experiments are 

first steps towards a more comprehensive study of 

tholins behaviour at the surface of Titan, especially to 

understand how tholins could contribute to chemical ac-

tivity within the lakes of Titan.    

The objective of this task is to calibrate the future 

experimental solubilities in liquid methane and ethane. 

Determining the solubility of tholins at room tempera-

ture will quasi-quantitatively inform on the solubilities 

to expect under Titan conditions [14]. 

 

Experimental Methodology: We used a cold plasma 

discharge (approx. 27mA) simulating charge particle ra-

diation interacting in a 90% nitrogen and 10% methane 

gas mixture (simulating Titan's atmosphere) to synthe-

size Titan tholins (as seen in Figure 1). Chamber condi-

tions of 0.5 Torr to 3.00 Torr were maintained at room 

temperature for 3 days with a continuous flow of the N2-

CH4 gas mixture.   

Acetonitrile, hexane, and mixtures of acetoni-

trile/hexane were used as solvents. While methane and 

ethane are the abundant liquids on Titan, both are in the 

gas phase under room temperature and pressure. There-

fore, hexane (liquid at ambient conditions) was used as 

a non-polar alkane solvent instead. After the addition of 

5 mg of tholins to 5 ml of solvent at room temperature, 

the samples were mixed and allowed to react for 1 hour, 

10 hours, 24 hours and 72 hours. A simple vacuum fil-

tration technique was used to separate the liquid sample 

from the solid residue. 

Matrix Assisted Laser Desorption/Ionization 

(MALDI) analysis was used to determine structural mo-

lecular changes in the solid residue.  At the times previ-

ous stated, we sampled a few microliters of the liquid 

portions of the samples for GC-MS measurements [14]. 

 

 
Figure 1: Technics Hummer II sputtering chamber (housed at 

the Arkansas Center for Space and Planetary Sciences) trig-

gering a DC cold plasma discharge at 30mA that ionizes the 

Titan-simulated N2-CH4 (90%-10%) gas mixture to produce 

tholins after several days. 

 

Results: To characterize any volatile residue adsorbed 

or attached to the surface of tholins after synthesis, a 

headspace vial analysis was used on .5 mg of tholin right 

after synthesis. While our results showed some oxygen 

contamination, as shown in Figure 2, we also observed 

additional peaks correlating to a nitrile containing spe-

cies: propionitrile (C3H5N).  

We performed direct desorption MALDI analyses 

from the chamber disk that had tholin deposited directly 

onto its surface (Fig. 3). Additionally, solid residues re-

maining after dissolution experiments were also ana-

lysed with MALDI (Fig. 4).   

Results from each solvent showed similar spectra, 

regardless of solvent or mixture composition. Con-

sistent peaks after 50 m/z are observed in all solid resi-

dues (Fig. 4). These results show a change of mass equal 

to 2 carbon between each peak [14].  

A loss of 2 carbon without an associated hydrogen 

loss provides interesting insight into the molecular for-

mation. These suggest that C to C bonding throughout a 

fused ring like structure and/or large aromatic com-

pounds are present in the samples.  
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Figure 2: Headspace analysis GC result from unreacted 

tholins. Multiple oxygen containing species were found as ac-

etonitrile (1), acetone (2), and nitromethane (3) were promi-

nent in addition to propionitrile (4).  

 

 
Figure 3: MALDI direct desorption analysis from tholin de-

posits before dissolution in any solvent.   

 

Conclusions: This study aims to investigate the prebi-

otic chemistry of Titan and the fate of tholins and pro-

duction of complex organic molecules on the Saturnian 

moon’s surface. Nitrile species present in the headspace 

vial results hold astrobiological relevance, as they play 

an important role in the synthesis of amino acids, and 

also appear as potential precursors to the formation of 

tholins and as such they could remain attached to the 

surface of tholins and be released into the liquid lakes. 

The two-carbon difference also holds significance. 

These structures occurrence on Titan could facilitate 

more interesting chemical reactions that effect its habit-

ability. Additionally, we build upon previous MALDI 

studies investigating tholins structures and will be fur-

thering these results by an investigation on the solid ex-

traction from the samples with FTIR ATR and the liquid 

extraction analyzed with GC-MS and FTIR transmis-

sion both in the MIR and NIR ranges. This work will 

give insight into the habitability of Titan and ultimately 

provide crucial questions for the future Dragonfly mis-

sion [14].  

 

 
Figure 4: MALDI direct desorption analysis from solid tholin 

residue remaining from solubility studies of acetonitrile, hex-

ane, acetonitrile saturated with hexane, and hexane saturated 

with acetonitrile.  

 

Acknowledgements: This work is supported by the Ar-

kansas Space Grant Consortium grant #242031-19-UAF 

and by grant number P30 GM103450 from the National In-

stitute of General Medical Sciences of the National Insti-

tutes of Health (NIH). 

 

References: [1] E. P. Turtle et al., (2011) Science (80-. )., 

vol. 331, no. 6023, pp. 1414–1417. [2] J. W. Barnes et al., 

(2013) Planet. Sci., vol. 2, no. 1, pp. 1–22. [3] A. Luspay-Kuti 

et al., (2015) Earth Planet. Sci. Lett., vol. 410, pp. 75–83. [4] 

G. Mitri, et al., (2007) Icarus, vol. 186, no. 2, pp. 385–394. [5] 

D. Cordier, et al. (2009), Astrophys. J., vol. 707, no. 2 PART 

2, pp. 128–131. [6] R. H. Brown et al., (2008), Nature, vol. 

454, no. 7204. pp. 607–610. [7] N. Carrasco et al., (2009), J. 

Phys. Chem. A, vol. 113, no. 42, pp. 11195–11203. [8] N. 

Sarker, et al. (2003), Astrobiology, vol. 3, no. 4, pp. 719–726. 

[9] P. Coll et al., (1999), Planet. Space Sci., vol. 47, no. 10–

11, pp. 1331–1340. [10] C. P. Mckay, (1996) “Elemental com-

position, solubility, and optical properties of Titan’s organic 

haze”. [11] C. He, et al., (2012), J. Phys. Chem. A, vol. 116, 

no. 19, pp. 4760–4767. [12] J. Kawai et al., (2013), Chem. 

Lett., vol. 42, no. 6, pp. 633–635. [13] C. He and M. A. Smith, 

(2014), Icarus, vol. 232, pp. 54–59. [14] K. Dzurilla et. al. 

(2020) LPSC LI Abstract # 2624.  

2849.pdf53rd Lunar and Planetary Science Conference (2022)


