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The equation of state (EOS) of warm dense hydrogen
is treated theoretically by a free energy approach. At
low densities hydrogen is a molecular fluid which can
be described by fluid variational theory. Dissociation of
molecules is treated self-consistently and thermodynamic
properties of the neutral fluid can be given via standard
relations, see [1] for details.

At high densities hydrogen is predicted to be in a
metallic-like state. In the chemical picture the fluid and
plasma states are mixed and the total free energy is min-
imal in chemical equilibrium. Therefore, the chemical po-
tentials of the molecular system, of the atoms, and of the
electrons and ions are equal and a coupled system of mass
action laws is derived which gives the composition of par-
tially ionized hydrogen plasma. In simplified calculations
applied to hydrogen and deuterium the charged particles
were treated as ideal plasma. The partition function of the
atoms was supposed to be density-dependent using an ex-
pression of Kerley [2] which leads to full ionization at high
densities. Comparison of Hugoniot curves with shock wave
experiments and other theories is performed in Fig. 1.
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Figure 1: The-
oretical and
experimen-
tal Hugoniot
curves as func-
tion of the
compression
ratio ρ/ρ0. ρ0

is 0.085 g/cm
3

and 0.17 g/cm3

for hydrogen
and deuterium,
respectively.
Further expla-
nation is given
in [1].

In extended calculations including the correlations of
charged particles by use of Padé approximations [3] the oc-
currence of a plasma phase transition (PPT) is observed.
These calculations show a rapid increase of ionization at
a density of about 1 g/cm3. This increase leads to a ther-
modynamic instability which is interpreted as a first-order
phase transition. To reach full ionization at even higher
densities an excluded volume concept is considered in the
ideal parts of the thermodynamic functions.
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Figure 2: Phase diagram of hydrogen: Coexistence lines
and critical points of the PPT arising from the present
work (solid line) compared with previous calculations
(dashed lines): RRN[4], SC[5], ER[6], SBT[7], RK[8],
MCPB[9], MH[10], Beule et al.[11]. The theoretical H2

melting curve is from [12].

The coexistence curve of hydrogen shown in Fig. 2 is
in agreement with the predictions of other theories. The
critical point is at about 16000 K and a pressure of 0.5
Mbar. The pressure is slightly decreasing with lowering the
temperature and rises again for temperatures lower than
5000 K. The coexistence curve approaches the theoretical
H2 melting line in the pressure region around 0.5 Mbar.

It is planned to use this EOS as input for modeling the
interiors of Giant Planets like Jupiter and Saturn which
consist mainly of hydrogen and helium. Further possible
applications are hydrodynamic calculations for heavy ion
heated targets.

References

[1] R. Redmer et al., J. Phys. A: Math. Gen. 39 (2006).

[2] G. I. Kerley, Los Alamos Scient. Lab., LA-4776, UC-34
(1972)

[3] A. Y. Potekhin, G. Chabrier, Phys. Rev. E. 62, 8554
(2000).

[4] H. Reinholz et al., Phys. Rev. E. 52, 5368 (1995).

[5] D. Saumon, G. Chabrier, Phys. Rev. A 46, 2084
(1992).

[6] W. Ebeling, W. Richert, Phys. Lett. A 108, 80 (1985).

[7] M. Schlanges et al., Contrib. Plasma Phys. 35, 109
(1995).

[8] M. Robnik, W. Kundt, Astro. Astrophys. 120, 227
(1983).

[9] W. M. Magro et al., Phys. Rev. Lett. 76, 1240 (1996).

[10] M. S. Marley, W. B. Hubbard, Icarus 73, 536 (1988).

[11] D. Beule et al., Phys. Rev. B 59, 14177 (1999).

[12] M. Ross et al., J. Chem. Phys. 79, 1487 (1983).

TT-07

44


