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Abstract

A Contributions to pressure for atomic and molecular bound
states together with chargedutral particles interactions
were derived for weakly nenleal hydrogen plasmas.

A Model equation of state (EOS) of hydrogen plasmas and
the HEOS code were updated with these contributions. The
physical model EOS also includes the Coulomb and
diffraction corrections, contributions of the scattering
states, electron and ion interactions, and the radiation
pressure.

A The calculated dependences of the heat capacity and the

lonization degree in the low temperature range and partia
pressures for conditions of the solar plasma are presented.
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Hydrogen EOS model and HEOS code:
P = I:%),e + I:)O,p + I:)D-H +CP

Thermodynamic perturbation theory for SVC calculations:

Adeal gas of protons

A lectrons (degenerate) + relativistic corrections

MDebyeH:ckel

Aound states (atoms), with account of broadening of atomic states or electrons degenera
Miffraction corrections

AScattering states;jp and ee interactions

AElectron exchange correction

ARadiation pressure

Adartree correction (=0, due to required neutrality in activities)

+
Moleculesnegative(H-) and molecular (H2+) ions,

Interactions of charged particles and neutrals




HEOS code

m, R/1- chemical potentials for electronsdgorotons

V. =mI/T (c =,p) - unknowns
For givenr T the following system of eqgumats is solved:

HP+B:2
e W

n,  where n, AN, (A

Ze= & - autrality in activities,
togride finite (zero) Hartree correcti




Bound states contribution
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W = e

Fock [1935]: gy &V
>2 = &12
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No broadening (N-B):
Starostin,Roerich,More[2003, CEB(5-6) 363372]
Starostin,Roerich[2005, JETI®Q(1) 165198]
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Contribution of BS with account of electrons
degeneracy X=Ry/T):
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Pressure of molecules

derived using the approximation of the harmonic oscillator (rigid rotato

P =Tz, =Z20° z PdT
m m % a“~ aa B

a

2
0. = P> thermal de Broglie wavelength,
Kj /7ZT
J

m; = mm reduced mass
m +m
~ Tae'"-1 D D* 0
Sm - rSv S B— wiT - (0)
¢ G- e w 2>wl =

D ©° 4.52eV - dissociation energy for hydrogeolecule,

B =>°/21 © 0.00736eV - characteristic rotatiomaergy
>w° 0.546eV - characteristic vibrational egeg.




Molecular contribution

Vibrationalrotational contribution:

S, _2>I;I' - ei_l>W/T \:;e.eD/T 1 _[_;?/(1 e—>_W/T) D? (1 e-wI)J

Total molecular contribution in general form:

-O0: O
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Corrections due to interactions
of charged andneutral particles

Po=CZc% Pom Com £ Z(N &m)
p - account of polarization of atoms and
molecules by charged particles

20> .
c. = lon, 1o, SCattering length.

com,
Coon = 2o€ alr, a- polarization constar

I, - hydrogen atom radius.




Contributions of

negative (atomic) and molecular ions

H = (ep,e) - negative ion (‘ae’),
H, = (ep.p) - molecular ion (‘ap’)

Pac:TZa:’ 4 = aZcOz § aS éa&T 1, -
wherec=e,p and_ ° 0.75e\,, ° 2.69 e

1ap




Hydrogenheat capacity (c, )
at different densitieswith molecularcontributions andinteractions
with (solidlines)and without (dots)lastterm inmolecularPF
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