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The accurate determination of transport coefficients (viscosity, thermal and electrical 

conductivity) of air plasmas has been pursued in the past, due to the relevance in the prediction of 
heat fluxes at the surface of a space vehicle during the re-entry in the Earth atmosphere. 
Nowadays extensive tabulations are available in literature [1-3] that include a large number of 
chemical species, assumed to be in the ground electronic state. However a deep investigation on 
the case of atomic hydrogen plasma in thermodynamic equilibrium [4,5] showed that transport 
coefficients are strongly affected by the presence of electronically excited atoms, especially in 
high pressure regimes and under the action of an external magnetic field [6]. 

A renewed interest [7,8] for re-evaluation of air plasma transport properties stems from the 
evidence of a non-negligible role of excited states and drives the extension of existing transport 
cross section databases. The inclusion of excited species in the interaction scheme is hindered by 
the fragmentary character of the dynamical information, being the customary approach severely 
limited by the need of an accurate description, by standard ab-initio techniques, of the potentials 
for all electronic terms arising in the interaction of different colliding pairs. 

Recently a re-evaluation of collision integrals for interactions involving the low-lying states 
of oxygen atoms and ions has been performed [9], including also the contribution due to inelastic 
resonant processes [10,11]. 

In the present work results are presented relative to the derivation of a complete set of 
collision integrals for nitrogen system in ground and low-lying states, i.e. N (4S,2D,2P) and 
N+ (3P,1D,1S), in the temperature range of interest for excited species existence (2,000-20,000 K). 
A novel approach, already validated in the case of ground state interactions [12], is proposed for 
the evaluation of the elastic contribution to excited state collision integrals. The interaction 
features are described by a phenomenological potential characterized by few parameters, whose 
values can be easily derived from physical properties of colliders [13]. An attempt is made to 
follow the customary procedure for some interactions, including in the calculation the limited 
number of available electronic terms. The two sets of results are compared (see for example 
figure 1) considering critically the observed deviations while the ultimate validation of the 
phenomenological approach proceeds through the oxygen system, confirming this method as a 
valuable tool for colliding systems whose interaction potentials are unknown. 

The contribution from inelastic resonant channels, affecting the odd-order collision 
integrals, is also estimated. In particular for the charge exchange process, occurring in atom-parent 
ion collisions, reference is made to a recent paper [14] in which the corresponding cross sections 
have been derived in the asymptotic theory, considering different momentum coupling schemes, 
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for those interactions, between nitrogen atoms and ions, allowed by single-electron transition. 
Concerning the exchange of excitation in asymmetric collisions between nitrogen atoms, it is 
evaluated adopting the same asymptotic approach and considering, for these cases of dipole-
forbidden electronic transitions, the simultaneous transition of two electrons between the two ionic 
cores. The exchange interaction has an analytical expression [15] depending on the quantum 
numbers characterizing the state of valence electrons undergoing the resonant process. 

Results show a weak dependence of collision integrals on the excitation of colliding 
partners, however it should be stressed that the consider excited states are characterized by the 
same value of the principal quantum number n for the valence shell and greater effects are 
expected for highly excited state interactions. 

 

 
Fig. 1 Comparison of elastic contribution to diffusion-type collision integral obtained in the 

customary (solid line) and in the phenomenological (dotted line) approaches for the atom-
atom interaction N(4S)-N(2D). 
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