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Solutions of ammonia-water and methane-water are believed to be the principle constituents of 
moons orbiting the outer planets (1). We have investigated the volume changes accompanying com- 
pression of water-ammonia solutions, over a temperature range from 234K to 273K, up to pressures of 
400 MPa (4 kbars), as part of our continuing program to predict how internal thermal evolution could re- 
sutt in the geological activity observed on these moons by the Voyager spacecraft. 

A detailed thermal model (2) can predict the temperature and even the degree of melting present 
throughout an icy moon. Limiting all such models, however, is a lack of specific data on the densities of 
water-ammonia solutions, and how these densities change with temperature and pressure. The ambient 
temperature is generally below 100 K on these moons' surfaces, but their interiors may reach 300K. The 
central pressure ranges from 10 to 160 MPa in the moons of Saturn and Uranus (except Titan), and 
about 400 MPa in Triton and Pluto. 

Until recently the phase diagrams of ammonia-water as a function of temperature and pressure were 
unknown. Recent work (3) has begun to outline the complex phase transitions which occur between wa- 
ter, ammonia monohydrate, and amrnonia dihydrate at room temperature and high (>800 Pa) pressure. 
However, precise density measurements have not previously been made for this material for conditions 
appropriate to the interiors of the smaller icy moons. 

Experimental Procedure: We performed compression experiments on reagent-grade 22.86 
molal (as determined by titration) ammonia-water solution. This corresponds to a molar ratio of 29.4% am- 
monia, close to the eutectic composition. The sample is loaded into a heavy walled steel pressure ves- 
sel, which is then inverted and attached to the pressure system with a liquid mercury U-tube trap separat- 
ing the liquid sample from the pump fluid. (For lower temperatures, the mercury is replaced by a eutectic 
mixture of mercury and thallium. Thallium depresses the freezing point by about 20 K.) Pressure up to 
400 MPa is applied with a hand pump to the other side of the mercury U-tube. This side of the U-tube 
consists of a piece of straight 114 inch OD stainless steel pressure tubing which has been reamed to 
form a constant bore capillary. As the mercury meniscus is forced down this capillary, mercury rises in the 
other aim of the U-tube, entering the inverted pressure vessel and compressing the liquid sample. 

The compression of the sample is determined by precisely measuring the displacement of the mer- 
cury meniscus in the steel capillary of known cross-sectional area. This is done using a transducer 
(supplied by Porous Materials, Inc.) which consists of a detector tube attached parallel to the capillary and 
a small alnico magnet which floats on the mercury in the capillary. A transmitter sends a signal down the 
detector tube which is partially reflected by the region of the tube adjacent to the alnico magnet. As the 
magnet follows the mercury over a range of abut  15 cm, a dc voltage is generated that varies from zero 
to one volt. The voltage, along with 
the sample temperature and pres- 
sure, are measured with a digital 29% AmmoniaNVater Solution 
scanner controlled by an ATT 6300 1.02 

computer. 
We have extensively tested and 

calibrated the instrument and it is re- 
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ture cannot be reached. Figure 1 
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Results: Figure 1 shows a graph of the density of the ammonia-water samples versus pressure for 
four different temperatures (234 K, 243K, 258K, and 273K). A polynomial can be fit to the density (in g/ 
cc) as a function of pressure (in bars) for these temperatures with the equations: 

There is no evidence of a discontinuity or change in slope in this graph (or in a plot of compression 
versus pressure) to indicate a phase change from liquid to solid or solid plus liquid. In search for a phase 
change, we attempted to trigger nucleation in the sample by freezing the sample (at maximum pressure) 
with liquid nitrogen, then returning to a higher temperature. During some attempts we cycled the cooling 
by applying the liquid nitrogen, then allowing the temperature to rise somewhat before applying more ni- 
trogen. We kept the upper part of the bomb immersed for over 20 minutes and the resulting lack of rapid 
boiling of the liquid nitrogen suggests that at least the upper 213 of the sample was close to 77 K. 
(During this period the mercury-thallium mixture would freeze, so no density measurements could be 
made). When we allowed the system to warm up to 234 K again, the density returned to the value ob- 
tained before applying the liquid nitrogen. 

In a comparison of our data with the suggested phase diagram (figure 2) of Croft et a/. (4), it is easily 
seen that our sample should have frozen at our maximum pressure of 400 MPa and our minimum tem- 
perature, 234 K. But it should be noted that their phase diagram was arrived at by extrapolations and in- 
tetpolations of existing data. Johnson and Nicol (3) did get a sample to freeze within our temperature and 
pressure range, but their sample's concentration of ammonia was approximately 30% less than ours; pre- 
liminary results at lower ammonia concentrations with our equipment also showed phase transitions. 
Akng with Johnson and Nicol, we interpret the solid phase as water ice. At higher temperatures, John- 
son and Nicol found transitions to an ammonia-bearing solid phase occurred in material close to the eu- 
tectic composition only at pressures exceeding 1.4 GPa. We conclude that the solid phase dihydrate II, if 
it exists, is not stable at the temperatures and pressures reached by our experiment. It may not be an irn- 
portant constituent of the interiors of the icy Satumian or Uranian moons, except possibly Titan. 
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