
McQuarrie – Chapter 9 – Chemical Equilibrium
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chemical potential of each species is
calculated ignoring other species

Assuming ideal
gas behavior
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at T = 1000 K
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dimer favored by energy
atoms favored by entropy
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4 is from symm #’s
Next two factors from translation, rotation, respectively
Recall, translation uses total mass, and rotation, reduced mass

Isotope exchange

From difference of zero-
point energies

Can set = 1



T          K (calc)          K (expt)

195 2.84               2.92
298 3.26               3.28
670          3.77               3.80

Δ= difference in mass of 2 isotopes
M = atomic mass of heavier isotope
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mainly dominated by 
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H-exchange reaction
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( )/1 ~ 1v Te θ−− at room temperature

In this case, vibration part has only ZPE terms = 
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to get needed moments of inertia
use the Teller‐Redlich product rule

'A A→ differ only by isotopic substitution

1200 /cm kTe
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A chemical reaction
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Recall factor of 3 in         due to triplet state
2Oq

T            log K (calc)         log K (expt)
1000 10.2                     10.1
1500                5.7                        5.7
2000                3.7                        3.5

small difference at high T –
assumptions of rigid‐rotor and
decoupling of vibrations/rotations
beginning to break down



2 4 2 2 6C H H C H+ →

The new feature here is the presence of hindered rotation in C2H6 .

Before it was possible to calculate accurate torsion barriers, one approach 
was to choose a simple functional form for the torsion potential with a 
guessed barrier, calculate the vibrational levels and then K, adjusing the 
barrier height to reproduce the experimental K value.

Best fit V0 = 3.1 kcal/mol

Arbitrariness of the zero of energy
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In using thermodynamic tables

energy of element = 0 at T = 0° K
if element is in same physical state that
exists at T = 25° C, P = 1 atm standard state
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Gibbs free energy per mol at P = 1 atm

convert to per mol
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Given the results in Table 9-6 and similar tables, one can readily 
calculate the entropy as a function of T


