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The role of electronically excited states of atoms in affecting transport and thermodynamic 

properties of a plasma has been recently reconsidered [1-3]. Different cut-off criteria of the 

electronic partition functions (Fermi, Griem [4]) have been used to this purpose by considering 

in any case unperturbed levels, i.e. in the case of hydrogen plasma the levels obtained by 

solving the Schroedinger equation with Coulomb potential. This hypotesis can be overcome by 

considering Roussel and O’Connell levels [5] calculated by solving the Schroedinger equation 

with the screened Coulomb (Debye) potential. The energy of the levels, in this case, depends on 

the Debye length (λD).  

As the ionization degree increases, λD decreases reducing the level energy with respect to the 

ground state. In this case we compare the thermodynamic properties obtained by considering the 

Griem’s cut-off with the two sets of energy levels (Coulomb, Debye [5]). The main effects are 

caused by the number of levels included in the partition function when the screened Coulomb 

potential is considered: on one side Debye theory predicts higher cut-off, on the other side, the 

energy of levels decreases, and, with respect to unperturbed energies, more levels are taken into 

account.  

As an example we report the frozen and reactive specific heat of the mixture (H, H+, e-) 

calculated with: a) levels from Debye potential [5], b) unperturbed levels from Coulomb 

potential and c) only the ground state. The largest differences occur at P=100 atm as a result of 

the combined effect of the specific heat of atomic hydrogen (fig. 1, left plot) and of the molar 

fraction of the same species. Note that in any case the frozen specific heat calculated from the 

Debye-Hückel levels overcomes the corresponding quantity calculated from Coulomb levels in 

all the considered temperature range. Opposite behaviors is observed for the reactive specific 

heat (fig. 1, right plot). In this case in fact, electronic excitation decreases the reactive part of the 

specific heat. Therefore, the total specific heat (fig. 2), which is the sum of the frozen and 

reactive contributions, is weakly affected by the level scheme used to calculate the partition 

function and thermodynamic properties.  
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Fig.1: Frozen (left) and reactive (right) specific heat for different level schemes at different pressures as a 
function of the gas temperature. a) levels from Debye potential, b) levels from the Coulomb potential, c) 
only ground state. 
 

 
Fig.2: Total specific heat for different level schemes at different pressures as a function of the gas 
temperature. a) levels from Debye potential, b) levels from the Coulomb potential, c) only ground state. 
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