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Thermodynamic Properties

Quantum Mechanics can be combined  with Statistical Mechanics to provide 
thermodynamic properties like internal energy, enthalpy, entropy and free energy.

One requires a statistical mechanical model that provides a theoretical framework 
for expressing thermodynamic properties such as the entropy in terms of molecular 
level properties, such as the molecular symmetry number, the moment of inertia, the 
spectrum of normal frequencies activation barriers to rotation etc One mustspectrum of normal frequencies, activation barriers to rotation, etc.  One must 
understand that this mapping from QM to SM is in essence a coarse-graining 
procedure that reduces the number of degrees of freedom in the system.  Like any 
other coarse-graining procedure, the mapping is approximate.  

In large part, the most difficult thermodynamic property to determine experimentally 
or via computation is the entropy.  For a polyatomic ideal gas in its ground electronic 
and nuclear states, the statistical mechanical model splits the entropy into fourand nuclear states, the statistical mechanical model splits the entropy into four 
terms. 
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Thermodynamic Properties

The complete set of inputs for a statistical mechanical model used in the 
determination of these thermodynamic properties is given below.  The properties in 
red come from QM calculations.

● molecular weight (for translation)
● molecular moments of inertia (for rotation)
● symmetry number of molecule (for rotation)● symmetry number of molecule (for rotation)
● number of vibrational modes (for vibration)
● spectra of normal frequencies (for vibration)
● number of internal rotors (for internal rotation)

f i i (f i l i )● rotor moments of inertia (for internal rotation)
● rotor activation energies (for internal rotation)
● enthalpy of formation (for energy reference)
● molecular formula (for energy reference)molecular formula (for energy reference)
● reference temperature (for energy reference)
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Spectroscopic Properties

Here we show a comparison between experimental and calculated vibrational frequencies of 
benzene as a function of both method and basis set for benzene.
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Kassaee, M.H., Keffer, D.J., Steele, W.V., J. Molecular Structure:  THEOCHEM, 800(1-3) 2007 p. 23-34.



Quantum Mechanics Still Requires Experiment

The state of the art of quantum mechanical calculations today is such that one requires an 
empirical scaling factor to correct vibrational frequencies computed from first principles.  Tables 
of the frequencies have been generated as a function of basis set and method.  They are 
averaged over many compounds.
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Thermodynamic Properties:  Benzene

Here we show a comparison between experimental and calculated entropies as a 
function of both method and basis set for benzene.
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Source:  Kassaee, M.H., Keffer, D.J., Steele, W.V., J. Molecular Structure:  
THEOCHEM, 800(1-3) 2007 p. 23-34.



Equilibrium Distributions

For the ratio of isomers in the ideal gas,
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Thermodynamic Properties:  JP-10

This procedure has been used to compute the relative configuration of the “up” and 
“down” configurations of the jet fuel, JP-10, as a function of temperature.  The Gibbs 
free energy is calculated at each temperature for each compound.  Based on the 
free energy difference, the relative distribution of configurations is readily 
determined.  In this case, the “down configuration is much more stable and is 
predominant at low temperatures.

0.02

0.025

n 
in

 
at

io
n 

‐θ

0.01

0.015

ol
e 

fr
ac

tio
n

p"
 c

on
fig

ur
a

“Up” Configuration

0

0.005

250 300 350 400 450 500 550

m
"U

p

θ

Fundamentals of Sustainable Technology 

250 300 350 400 450 500 550

temperature (K)
“Down” Configuration



Thermodynamic Properties:  dimethylnapthalene

There are 10 dimethylnapthalene isomers.  In order to compute the 
dimethylnapthalene equilibrium distribution, one requires free energies.

2,7 isomer – most stable

1,8 isomer – least stable
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1,8 isomer  least stable

Kassaee, M.H., Keffer, D.J., Steele, W.V., J. Chem. Eng. Data,  52(5) 2007 p. 1843‐1850. 


