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QUASI-CLASSICAL ESTIMATION OF IONIZATION POTENTIALS AND PARTITION FUNCTIONS OF IONS

G.V. Shpatakovskaya

IMM RAS, Moscow, RF, shpagalya@yandex.ru
The quasi-classical Thomas-Fermi (TF) model and its modifications taking into account the different corrections (exchange, gradient, shell) are used to estimate: (1) the ionization potentials and (2) excitation partition functions of the ions.
1) Two methods, “cold” and “hot” ones are applied to calculate the ionization potential
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of the ion with the charge
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.  By the “cold” method (see similar one in the book [1]) the ionization energies and potentials are estimated via the TF model of a free ion at zero temperature. Exchange and gradient effects are also taken into account. By the “hot” method the chemical potential 
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and ionization state 
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 of an ideal classical plasma under the temperature 
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 are calculated via the TF model taking into account exchange, gradient and shell effects [2]. Eliminating the temperature 
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 from these dependences one can find the function
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.  Then the relation 
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 is applied to estimate the ionization potential
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. This relation for the classical ideal plasma is followed from the ionization state expressions 
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 by the TF and Saha-Raizer [3]  models. The results of calculations via the two methods for average and heavy elements are compared with each other, with the experimental spectroscopic data and other methods results.

2) The TF model of a free ion, see above, is also used to estimate analytically the ion excitation partition functions, which appear in the chemical plasma model. The different level cutoff form factors are considered: by average distance between heavy particles, by temperature and by Plank-Brillouin-Larkin approximation. The expressions are also proposed for the average excitation energy and for the temperature and volume derivatives of the partition function. The asymptotic behaviors of the partition function for small density and temperature are analyzed. A comparison of our calculations with the results of the “empirical” method [4]  which applies the experimental spectroscopic data is performed for some elements. Our method makes it possible to estimate the averaged value (without shell oscillations) of the partition function for highly charged ions of the heavy elements for which there are no or insufficient information about the excitation energy levels.

Some preliminary results are published in the paper [5].
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