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Role of the quasi-bound and continuum 

states in the thermo-dynamic properties of 

non-ideal molecular gases at high 

temperature.  

Classical and quantum approach.  
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• High temperature aero- and astrophysics 

• Strong shock waves 

• Low pressure hydrogenous plasma 

 

 

 

Particular Interest 
Thermodynamic and 

transport properties of the 

entire disturbed area around 

the reentry hypersonic 

vehicles  
 

 

Motivation 

Problem 
 

“Non-equilibrium” temperature 

5000-50000 K  
The conventional handbooks  

(IVTAN-THERMO, JANAF)  

do not REALLY help !!! 

 



 

 

Multi-temperature molecular partition function 

based on approximate separation kinds of motion  

  Translation&Internal (exact) 

 

 

 

 Electronic&Rovibrational (adiabatic or BO approximation) 

              (it is not out question for high temperature condition) 

 

 

 

 

 Vibrational&Rotational (harmonic oscillator-rigid rotator approximation)  
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Quantum method 
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with boundary conditions: 

Solution of the radial Schrödinger equation 



 

Role of continuum and quasi-bound states 
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Integration by parts + Levinson theorem: 

The comprehensive quantum model must take into account  

bound, quasi-bound and unbound states 

This full form of the interacting-particle partition function is essential to a 

complete and correct calculation of the thermodynamic functions of the system.  
 

Accurate thermodynamic results for high temperature require that the bound-state 

levels and the phase shifts both should be calculated in the same manner and to 

the same degree of accuracy. 
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Classical statistic mechanic method 
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Quasi-classical correction to the classical 

mechanic method 
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The 1-st and 2-nd derivatives of the potential are needed ! 

 



Impact of the 

excited repulsive 

state 

Influence of the 

quasi-bound and 

continuum levels 

Testing implementations  

to hydrogen molecule 
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Classical method application  

to hydrogen molecule 
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Quasi-classical correction  

to the classical estimates  

Исследования неидеальной плазмы 10 

Tc =
!e

kB

Tc =
!e

kB



Concluding Remarks 
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 At high temperatures  the molecular thermodynamic functions could 

be evaluated by classical method with a good accuracy (a few percents) 

 

 At elevated temperatures                        quasi-classical correction 

improves the accuracy 

  

 In the quantum method all states contribution should be taken into 

account      

Advantages of the classical method  
 

  It implicitly takes into account of all three components of spectra: bound, 

quasi-bound and continuum while the bound state partition could be separated  

 

  It can be readily generalized for polyatomic molecules as well since the eigen 

values are not required explicitly. Only potential energy surface (PES) is really 

needed 

 

  Spectroscopic constants are not needed anymore?! 

 (it allows one to avoid extrapolation of the spectroscopic constants out of       

range of their experimental determination) 

T ¼!e=kBT ¼!e=kB



Thank you for the attention !!! 
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