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Introduction:  Titan’s thick methane (CH4) and 

nitrogen (N2) have enabled rich photochemistry to 
occur in its upper atmosphere. The photochemistry 
leads to the creation of numerous organic molecules in 
Titan’s atmosphere, such as ethane (C2H6), acetylene 
(C2H2), benzene (C6H6), hydrogen cyanide (HCN), etc. 
[1]. Most of the simple organic molecules are in the 
gas phase when produced in the upper atmosphere (for 
a complete list of the observed gaseous molecules, see 
Table 1). Titan’s unique temperature profile allows 
these simple gaseous organic molecules to condense 
into liquids or solids in its stratosphere, forming liquid 
or ice clouds [2]. Various types of organic clouds have 
been detected in Titan’s atmosphere through both 
ground-based and spacecraft observations by Voyager 
1 and Cassini (see references in [3]). The simple 
organic molecules in Titan’s atmosphere can further 
coagulate and react to form complex refractory organic 
particles that constitute Titan’s thick haze layers [4]. 

After the clouds and hazes are formed, they would 
eventually fall onto the surface of Titan. If they land on 
dried surfaces on Titan, species that are able to remain 
in the solid form will become surface sediments. For 
example, Titan’s sand dunes are likely derived 
partially from the organic hazes [5]. Solid acetylene 
has also been detected on Titan’s surface [6]. While 
species that remain in liquid form or transform into 
liquids can modify and wet Titan’s surface by rainfalls 
and storms (e.g., [7]). For those clouds and hazes that 
land on the surfaces of lakes and seas, they could either 
dissolve in the methane-ethane-nitrogen-dominated 
lakes, float on the lake surfaces, or sink and form 
lakebed sediments [8]. After the lake dries, the 
dissolved organics could precipitate as solids and form 
evaporites on Titan’s surface. Organic evaporites have 
been discovered in the polar regions [9] and the 
equatorial regions [10] at the bottom of presumably 
dried lakebeds and sea-beds. 

Thus, it is crucial to have a database summarizing 
various material properties of the hazes and the organic 
condensates, made of organic liquids or ices, to 
prepare for future in-situ Titan explorations such as the 
Dragonfly mission, due to arrive at Titan in 2034. In 
this work, we summarize and calculate a range of 
material properties of organic liquids, ices, and hazes 
that can be used for future modeling, data analysis, and 
comparison to observations. These properties include 
thermodynamic properties (saturation vapor pressure 

and latent heat for vaporization and sublimation), 
optical property (refractive indices at the visible 
wavelength), electric property (dielectric constant), 
physical property (density), and surface properties 
(liquid surface tensions and solid surface energies). 

Methods:  We include the material properties of 18 
organic species (summarized in Table 1), all of which 
have been observed as gas-phase compounds in Titan’s 
atmosphere. We also include the material properties 
for Titan haze analogs, the so-called “tholins” made in 
different laboratories. 

Compound name Mixing ratio range 
Methane (CH4) 5e-3 – 2.2e-2 

Acetylene (C2H2) 2e-6 – 1e-5 
Ethane (C2H6) 7e-6 – 3e-5 

Ethylene (C2H4) 7e-8 – 6e-6 
Diacetylene (C4H2) 9e-10 – 1e-7 

Benzene (C6H6) 6e-11 – 2e-7 
Propadiene (C3H4-a) (6.9 ± 0.8) e-10 

Propyne (C3H4-p) 5e-9 – 1e-7 
Propene (C3H6) 2e-7 – 3e-6 
Propane (C3H8) 1e-9 – 6e-9 

Hydrogen cyanide (HCN) 4e-8 – 3e-4 
Cyanoacetylene (HC3N) 6e-11 – 9e-7 
Carbon dioxide (CO2) 1e-8 – 3e-8 
Acetonitrile (CH3CN) 4e-10 – 1e-8 

Propionitrile (C2H5CN) 8e-10 – 3e-9 
Acrylonitrile (C2H5CN) 2e-10 – 8e-10 

Cyanogen (C2N2) 5e-11 – 7e-9 
Dicyanoacetylene (C4N2) < 5e-10 

We collect from literature the sublimation and 
vaporization saturation vapor pressures as functions of 
temperature, Psat(T) for the 18 species. The latent heat 
of sublimation and vaporization can then be estimated 
using the Clausius-Clapeyron equation: 

Lvap/sub=RT2/Psat(T)dPsat(T)/dT. 
We collect from the literature the measured 

densities (𝜌l/s) for the organic liquids and ices at 
different temperatures and fit the experimental data as 
polynomial functions. We also collected the measured 
refractive indices in the visible wavelengths (nvis) and 
the static dielectric constants (ε0) of the organic ices 
and liquids on Titan. We collect from the literature the 
surface tensions of the organic liquids. We also use 𝜌l, 
nvis, ε0 to compute the missing surface tensions of the 
organic liquids using the MacLeod-Sugden method [11, 
12]. We calculate the surface energies of the organic 
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ices using the surface tension of the liquids, their Lvap 
and Lsub, and 𝜌s, following two empirical methods 
described in [13]. 

Results: Using the collected Psat(T) and the mixing 
ratio of each species, we find that all these observed 18 
species in the gas phase could condense. Most of them 
condense from the gas phase to the liquid phase, and 
only propane (C3H8) condenses into a liquid. 

 
Figure 1: Condensation curves for observed gaseous organic 
species in Titan’s atmosphere. The black line in each panel 
represents Titan’s mean temperature profile, and the shaded 
grey area represents the range of retrieved temperature 
profiles using Cassini/CIRS data throughout the Cassini 
mission [14]. The solid condensation curves are plotted with 
the average mixing ratio, and the shaded regions are plotted 
using the observed upper and lower bond mixing ratios listed 
in Table 1. Solid condensation curves represent gas-solid 
transitions, and dash lines represent gas-liquid transitions. 
 

We also summarized all the properties as a function 
of temperature for the organic liquids and ices. For 
tholins, we complied all measured material properties 
for tholins produced at different laboratories and 
specified their production conditions. and tholins as 
data tables. For example, in Table 1, we show the 
complied and fitted liquid densities of the 18 organic 
species as functions of temperature. 

 
Table 1: Densities of Titan-relevant organic liquids along the 
saturation line. [a] this work; [b] [15]; [c] [16]. 
 

The calculated surface tensions of the organic 
liquids and surface energies of the organic solids are 
essential for understanding cloud formation and cloud-
lake interactions on Titan, methods as detailed in [17]. 
The results will be published in a forthcoming paper 
[18]. 
 
Conclusion: We started a preliminary database 
summarizing measured and calculated material 
properties of organic liquids, ices, and hazes on Titan. 
The database can not be used as inputs for models and 
theoretical studies on understanding various 
atmospheric and surface processes on Titan. It can 
direct future laboratory work to study species with few 
measured material properties, such as diacetylene 
(C4H2) and dicyanoacetylene (C4N2). 
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