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Fig. 2 Thermodynamic properties of hydrogen at 10000 K and 5000 K
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Table 2 Pressure, internal energy, dissociation degree and effective hard-sphere diameter from

the VDWLF model for the same temperature and density value as used in Ref. [9]

o/ (mg/cm®) T/(K) p/(GPa) E/(eV/atom) a d/(nm)
10000 0.076 —12.07 0.9417 0.0792

0. 975 7812 0. 054 —12.69 0.8409 0.0956
5000 0.025 —14. 15 0.3542 0.1527

2000 0. 008 —15.02 0. 0003 0.2084

10000 0.196 —12. 30 0.8720 0.0882

9 675 7812 0.134 —13.04 0.7159 0.1093
5000 0.063 —14. 31 0.2404 0.1623

2000 0.022 —15.02 0.0002 0.2084

10 000 0. 797 —12. 80 0. 6893 0.1071

- 7812 0. 546 —13.51 0. 4896 0.1300
5000 0. 288 —14.45 0.1254 0.1711

2000 0.111 —15.01 0.0001 0. 2079

10000 2.554 —13.14 0.5164 0.1213

4L 8 7812 1. 839 —13.75 0.3332 0.1415
5000 1. 087 —14. 50 0.0748 0.1736

2000 0.453 —15.01 0.0001 0.2063

10000 6.618 —13.27 0.4134 0.1275

99. 08 7812 5.082 —13.82 0.2568 0.1449
5000 3. 357 —14. 49 0. 056 5 0.1715

2000 1. 601 —14. 99 0 0.2019

10000 11. 524 —13.28 0. 3786 0.1281

152. 2 7812 9.251 —13. 80 0.2356 0.1441
5000 6.58 —14. 45 0.0568 0.1683

2000 3. 55 —14.97 0.0001 0.1972

10 000 38. 724 —13.07 0.3746 0.1223

334 4 7812 34. 355 —13.56 0.2562 0.1346
5000 29.044 —14. 20 0.0836 0.1545

2000 21. 876 —14.79 0.0004 0.1798

10000 56. 749 —12.92 0.3983 0.1184

415. 7 7812 51.564 —13. 40 0.2879 0.1297
5000 45. 869 —14. 04 0.1135 0.1480

2000 37.772 —14. 66 0.0014 0.1727

10000 78. 527 —12.76 0. 4330 0.1143

1902 7812 73. 028 —13. 22 0.3319 0.1244
5000 67. 320 —13. 85 0.1598 0.1413

2000 59. 649 —14. 49 0.0055 0.1657

10000 109. 288 —12.54 0.4890 0.1092

600 7812 102. 526 —12.98 0.4030 0.1180
5000 97.337 —13.60 0.2348 0.1336

2000 93.195 —14. 25 0.0253 0.1575
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Equations of State for Fluid Hydrogen and Deuterium:
Dissociation Effects Studies
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Abstract: Molecular hydrogen and deuterium under high temperature and high density conditions may
undergo dissociation reaction, and thus transforms to an interacting mixture composed of molecules
and atoms with complex interactions between constituent particles. In this paper, we use one-compo-
nent fluid van der Waals (VDWLF) mixture approximation,in which an equivalent one-component po-
tential is utilized to describe that compression behavior of such a mixture system in order to simplify
the statistical thermodynamic treatment, and, therefore, calculate the internal energy and pressure of
this system and concentration for each constituents through Helmholtz free energy minimization. The
dissociation effects including temperature- and pressure-induced are studied in the density and temper-
ature range of p<<0. 6 g/cm’ (corresponding molar volume V=3. 3 cm’/mol) and T<<10000 K, respec-
tively. The calculated isothermal equations of state of hydrogen are basically in agreement with those
calculated by the two-component fluid variational theory and the first principle molecular dynamics
and Monte Carlo simulations. The calculated single shock and double shock Hugoniots for molecular
deuterium are also in well accord with experiments. The above mentioned results demonstrate the VD-
WLF mixture approximation is valid for the compression behavior descriptions of hydrogen(deuteri-
um) within the region of p<<0. 6 g/cm?® (corresponding molar volume V2=3. 3 cm’/mol) and T<:10000 K.

Key words: equation of state;dissociation;one-fluid van der Waals mixture model



