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Introduction:  Titan’s water-rich hydrosphere is 

believed to host a deep liquid ocean below the icy 
surface, and possibly a layer of high-pressure ices [1]. 
The composition of the hydrosphere remains cryptic, 
but it is likely that ammonia and salts such as NaCl are 
the main solutes [2]. The structure, geodynamics and 
astrobiological potential of Titan’s deep ocean depend 
on how these solutes affect i) the thermodynamic 
properties of the ocean and ii) the associated phase 
stabilities of fluids and solids. 

Few data exist pertaining to the thermodynamic 
behavior of H2O-NH3 mixtures beyond 40 MPa, and 
none for H2O-NH3-NaCl. It is therefore necessary for 
our understanding of Titan, and for future exploration 
using geophysical techniques (e.g. the seismic package 
on NASA’s DragonFly mission), to have an accurate 
and internally self-consistent equation of state of 
aqueous solutions containing ammonia and salts. 

We present a new equation of state (EoS) for water-
ammonia solutions based on new sound speed and 
melting line measurements. The new EoS, which uses 
the local basis function framework [Brown 2018, 
Bollengier 2019], is valid across the entire range of 
conditions expected in Titan’s ocean, from 200 to 400K, 
and up to 2300 MPa. Coupled with the EoS of ice 
polymorphs (contained in the SeaFreeze package [3]) 
the new formulation accurately reproduces the phase 
stability of these solids at high and low pressures. 

 
      Figure 1: New measurements of ice polymorphs 
melting point depression (ice Ih and VI). Red and blue 
lines correspond to the predicted melting curve at the 
same concentration predicted by the new equation of 
state. 

Sound speed measurements on H2O-NH3 solutions 
were made with an ultrasonic, high-pressure, low-
temperature apparatus at UW. Data were obtained for 

solutions with up to 30% concentration of dissolved 
NH3, in the ranges 253-353K and 0.1-700 MPa. We also 
obtained (Figure 1) new liquidus measurements of ice 
polymorphs (Ih, VI and VII) down to 225K and up to 
2000 MPa, using a high pressure, diamond anvil cell, 
coupled with a ruby pressure gauge and a 
thermoelectrically cooled cryostat.  

 
Figure 2: Representative thermodynamic properties 

(density, Cp and sound speed) for H2O-NH3 solutions at 
250K up to 350 MPa and 20 mol% from the new 
equation of state. 

We will report aspects of the EoS (Figure 2) and 
discuss their implications for modeling the interior of 
Titan. We will finally consider upcoming results on the 
combined effects of aqueous NH3 and NaCl, which will 
allow a more detailed study of realistic variations in 
oceanic chemistries, on the structure, dynamics, 
habitability and exploration of the interior of Titan. 
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