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Hydrocarbons have wide liquid ranges.
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Low temperatures make life more difficult.

Elyse Pennington (Photo by Morgan Cable)



Low temperatures make life more difficult.

1. Low temperature

2. Low temperatures reduce



Liquid nitrogen g ‘ Interior vessel

bath cools to “heated” to
94 K
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Benzene UV absorbance at 94 K

Comparison between ethane and pentane solutions at different temperatures
21-point calibration curve in pentane used for quantitation
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benzene in ethane at 94 K
benzene in pentane at 298 K
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Benzene dissolution is fast at 94 K
Saturation concentration (c._,,) and dissolution rate
constant (k_,) determined from UV absorbance over time
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c,,, = saturation concentration

k.= effective dissolution rate constant
A = surface area

V' = solvent volume

n = kinetic order

t = elapsed time
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Lab results

How much dissolves? c_,
How fast does it dissolve? k g

© benzene

naphthalene  0.159 (+ 0.003)
O biphenyl 0.039 (+ 0.006) 4 x 107




)Solubility in CH,/N, Solubility in C,H./N,
(77:23)at 95 K (mg/L) (97:3)at 95 K (mg/L)
Hydrogen cyanide | HCN 1080 17000
acetylene C,H, 1300 2600
butane C,Hy
acrylonitrile C,H,CN
carbon dioxide Co,
benzene CcH¢
argon Ar 0.47 0.15
krypton Kr 0.29 0.43
Solubility in C;Hg at 190 K
@) O
SN TN TN
0 5 <1.5 mg/mL
SN NN N N

Predicted Titan solubility values from Raulin, 1987 and Cordier, 2009. (for HCN)
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Low temperatures make life more difficult.

1. Low temperature

2. Low temperatures reduce






But

. low temperatures can also enable new interactions.

Interaction energies in biological molecules

H-bond interactions (typical values) . B Aromatic interactions
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H H
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SHLSOE 2.6 keal/mol

O-HEN 2.0 keal/mol

O-H<:0 5 kcal/mol

1.0-2.0 kcal/mol

N-H&:N 3 kcal/mol

N-H&:O 2 kcal/mol
1.5 kcal/mol

Lone pair S:- 1.5 kcal/mol

Perpendicular Methyl -pi 0.75-1 kcal/mol
In plane Met(S)<H-Arom 0.75-1 kcal/mol




But... low temperatures can also enable new interactions.

Before

Recrystallization occurs when benzene and
ethane are mixed.

Cable, M. L. et al., 2014, GRL 41, 5396-5401



Synchrotron powder diffraction to determine the structure

of the co-crystal
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CH-m bonds
petween
Denzenes
hold the
structure
together.




Another sort of self-assembly....?

bilayer structure of the " A
‘reverse’ vesicle o B

hydrophobic
hydrocarbon
tails

triglyceride
group

hydrophilic —»
phosphocholine
head group

Norman, L. H. (2011) Astronomy & Geophysics, 52: 1.39-1.42.




Another sort of self-assembly....?

“normal”
vesicles
in water
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Titan Organic Cycle
Organics and CH,

Atmospheric o ‘@ Ct
photochemistry O F

products f"&’

CH,
precipitation

Soluble
materials
Dissolution?

Malaska et al., Workshop on the Habitability of Icy Worlds (2014), Abstract 4020.



Other implications

Ontario Lacus will be saturated from benzene
falling out of the atmosphere

Ontario Lacus surface: 1.5e4 km?
Ontario Lacus depth: 10 m _,
Ontario Lacus volume: 1.5e2 km3 (= 1.5e14 L)

Benzene atmospheric flux rate [1]: 1e6 molecules
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Benzene saturation at 18.5 mg L! reached in 4.5 Myr

[1] Cordier et al, Ap J 707, L128-L131.



Observed Ontario Lacus evaporite deposits
Hyperspectral imaging shows "Bathtub ring"

Ontario Lacus VIMS cubes from T38 Unit 2 is dark Unit 3 is 5 micron
organic mudflat bright organic
evaporite deposit

Reference:
Barnes et al., Icarus 201 (2009) 217-225. "Shoreline features of Titan’s Ontario Lacus from Cassini/VIMS observations." (Fig. 4 and 6)
d0i:10.1016/j.icarus.2008.12.028



Solubilities and reaction rates are low
In cold hydrocarbon solvents,
especially for interesting i
astrobiological (polar) molecules

But — low temperatures enable
interactions between molecules t
wouldn’t readily occur at higher
temperatures.

A wide variety of dynamic chemical
processes can occur on hydrocarbon
world surfaces.

Thanks to NAI-Titan, NASA-OPR, NASA-SSW.
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