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Speeds of sound in fluid ammonia have been measured by Impulsive Stimulated Scattering, to a pressure of
3.8 GPa and along isotherms of (297, 476, and 680) K. Speeds are compared with previous measurements
and with predictions of equations of state.

1. Introduction

Few studies of thermophysical properties of fluid ammonia
have encompassed pressures in excess of 1 GPa. Measurements
of density have been made to pressures of 0.95 GPa and 473
K,1 0.95 GPa and 723 K,2 and 1.0 GPa and 320 K.3 The
solid-fluid line of equilibrium has been followed up to pressures
of (1,4 2,5 and 2.4) GPa.6 Densities7,8 and temperatures9 of
shock-compressed ammonia have been reported to ∼60 GPa.
Additionally, measurements of speed of sound have been
published to 1 GPa and 320 K.3 Here we report speeds of sound
measured in the diamond-anvil cell up to pressures of 3.8 GPa
and temperatures of 680 K. Comparison is made with previously
obtained data and with published equations of state (EOS).

2. Experimental

Speeds of sound were measured with Impulsive Stimulated
Scattering10 with a typical precision of 0.2 % and systematic
errors which are believed to be less than 0.1 %. The acoustic
wavelength was held at 2.5 µm, with frequencies ranging from
(1 to 1.8) GHz.

Ammonia was purchased from Linde Gas with a stated purity
of > 99.99 %. A diamond-anvil cell was placed in a closed
container, flushed with ammonia gas at room temperature, then
brought to 195 K at which temperature the supplied gas
condensed and filled the cell.

Measurements were made along nominal isotherms of (297,
476, and 680) K. Temperatures were obtained with chromel-
alumel thermocouples and varied less than 1 K during any run.
Two separate thermocouples and factory-calibrated readers
(Omega Engineering) gave the same value to ( 1 K, and this
is assumed to be the accuracy of the measurement. Pressures
were obtained with included chips of either ruby11 (up to ∼476
K) or samarium-doped SrB4O7

10,12 with precisions of ∼0.02
GPa. During different runs, the chips were placed either in direct
contact with the fluid or separated from it by a thin, gold barrier.
With a borate pressure gauge, or ruby at room temperature,
addition of the gold barrier had no discernible effect. However,
at 476 K, speeds of sound were seen to be greatly reduced when
the ammonia was in direct contact with ruby; no attempt was
made to repeat these measurements, and the data were discarded.

At 680 K, a second phase slowly began to appear in the cell,
identified as N2 from the Raman spectrum. (Presumably, H2,
which was not observed, escapes by diffusion through the
Inconel 718 gasket, and a gold liner placed between the

ammonia and gasket did not prevent dissociation.) The fluid at
this temperature therefore contains an unquantified admixture
of dissolved nitrogen. The apparent consistency of the results
of two different, affected runs, one of which exhibited saturation
in N2 and the other of which did not (there was no observable
second phase at the time data were taken), leads me to believe
that the consequent change in speed was similar in size to other
experimental errors; however, these data should be treated with
caution.

3. Results and Discussion

Speeds of sound, w (see Table 1), are plotted against pressure
in Figure 1. Speeds given by Mills et al.3 around 297 K are
systematically higher than the current measurements by ∼0.03
km · s-1, slightly more than their stated uncertainty of ( 0.02
km · s-1. Their EOS for ammonia, contained in the same paper,
is based on data taken only to ∼320 K and is not suitable for
use above that temperature.

Two other EOS have been published for ammonia, that of
Haar and Gallagher13 and of Tillner-Roth.14 The first was fit
only to PVT data and gives poor approximations to caloric
properties at high pressure (e.g., at 297 K, the predicted specific
heats are negative above 0.83 GPa). Its results are given by* Corresponding author. E-mail: evan@ess.washington.edu.

Table 1. Measured Pressure P, Temperature T, Speed of Sound w,
and Calculated Density14 G of Fluid Ammonia

P/GPa T/K w/km · s-1 F/kg ·m-3

0.78 297 2.942 824.4
0.78 297 2.932 824.4
0.62 297 2.741 800.5
0.74 298 2.903 818.3
0.37 298 2.376 751.8
0.70 297 2.836 812.9
0.88 297 3.023 837.5
0.97 297 3.113 848.4
1.09 477 2.954 793.6
1.43 474 3.280 836.1
1.55 476 3.375 848.2
2.20 476 3.788 904.9
2.22 479 3.797 905.7
1.35 680 2.982 a766.6
1.35 680 2.970 a766.6
1.48 679 3.084 a783.4
2.44 679 3.740 a876.5
3.75 679 4.342 a960.7
3.14 678 4.103 a925.7
3.08 678 4.072 a922.2
2.92 678 4.000 a911.8

a At 680 K, the ammonia contained nitrogen (see text) in amounts
which might have affected the speeds of sound.
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dotted lines in Figure 1. The EOS of Tillner-Roth yields a good
representation of the measured volumes up to 1 GPa, within 2
% of ref 1 and 1.5 % of ref 2 (those authors’ stated uncertainties
are 0.5 % and 0.8 %, respectively); remarkably, it predicts
volumes within probable errors of ref 3 at (298 and 320) K
(4 ·10-8 m3 ·mol-1 and 2 MPa, or about 0.2 % combined error),
data to which it was not fit. This EOS also matches the measured
speeds of sound reasonably well at our lower pressures while
progressively overestimating them as pressure is increased
(dashed lines in Figure 1). Overestimated speeds of sound
indicate an underestimation of compressibility and thus density
at higher pressures. This observation is confirmed by direct
comparison with published densities along the shock Hugoniot
(not shown) and is due to several terms in the EOS which are

known15 to be poorly suited for extrapolation to high densities
or temperatures.

For either liquids or highly compressed gases, plots of speeds
of sound against density commonly yield straight lines.16 To
the extent that the EOS of Tillner-Roth gives an adequate
account of densities, this relation also holds for ammonia. We
see in Figure 2 that deviations from such fits are within estimated
errors in the data. In contrast, speeds calculated from the EOS
of Tillner-Roth do not give straight lines when plotted in the
same manner.

Note Added after ASAP Publication: This paper was published
ASAP on July 24, 2008. Figures 1 and 2 were transposed. The
revised paper was reposted on July 29, 2008.
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Figure 1. Speed of sound, w, is plotted against pressure: ∆, this work, 297
K; 0, this work, 476 K; O, this work, 680 K; ×, ref 3 interpolated to 297
K by way of their EOS; s, straight line fit of measured w to calculated14

F; - - -, ref 14; · · · · · , ref 13.

Figure 2. Fractional deviations ∆w ) w(exptl) - w(calcd) of the
experimental speed of sound (this work) plotted against density. Calculated
values are from straight lines fit to the measured w as functions of F (the
latter from ref 14): ∆, 297 K; 0, 476 K; O, 680 K. Error bars represent
combined, expanded uncertainties and, especially at lower pressures, are
dominated by the uncertainty in pressure.
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