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24.7: The Electronic Partition Function of an Ideal Gas

Our quantum-mechanical model for a diatomic molecule takes the zero of energy to be the infinitely separated atoms at rest—that
is, with no kinetic energy. The electrical interactions among the nuclei and electrons are such that, as the atoms approach one
another, a bond forms and the energy of the two-atom system decreases. At some inter-nuclear distance, the energy reaches a
minimum; at shorter inter-nuclear distances, the repulsive interactions between nuclei begin to dominate, and the energy increases.
We can use quantum mechanics to find the wavefunction and energy of the molecule when the nuclei are separated to any fixed
distance. By repeating the calculation at a series of inter-nuclear distances, we can find the distance at which the molecular energy
is a minimum. We take this minimum energy as the electronic energy of the molecule, and the corresponding inter-nuclear distance
as the bond length. This is the energy of the lowest electronic state of the molecule. The lowest electronic state is called the ground
state.

Excited electronic states exist, and their energies can be estimated from spectroscopic measurements or by quantum mechanical
calculation. For most molecules, these excited electronic states are at much higher energy than the ground state. When we compare
the terms in the electronic partition function, we see that

exp (—€.1/kT) > exp(—eca/kT)

The term for any higher energy level is insignificant compared to the term for the ground state. The electronic partition function
becomes just

ze = g1€xp (—€c1/kT)

The ground-state degeneracy, gi, is one for most molecules. For unusual molecules the ground-state degeneracy can be greater; for
molecules with one unpaired electron, it is two.

The energy of the electronic ground state that we obtain by direct quantum mechanical calculation includes the energy effects of the
motions of the electrons and the energy effects from the electrical interactions among the electrons and the stationary nuclei.
Because we calculate it for stationary nuclei, the electronic energy does not include the energy of nuclear motions. The ground state
electronic energy is the energy released when the atoms come together from infinite separation to a state in which they are at rest at
the equilibrium inter-nuclear separation. This is just minus one times the work required to separate the atoms to an infinite distance,
starting from the inter-nuclear separation with the smallest energy. On a graph of electronic (or potential) energy versus inter-
nuclear distance, the ground state energy is just the depth of the energy well measured from the top down (e.,; < 0). The work
required to separate one mole of these molecules into their constituent atoms is called the equilibrium dissociation energy, and

conventionally given the symbol D, . These definitions mean that D, > 0 and D, = -N €e,l-
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Figure 1. Equilibrium dissociation energy, D., and spectroscopic dissociation energy, Dy.
In practice, the energy of the electronic ground state is often estimated from spectroscopic measurements. By careful study of its
spectra, it is possible to find out how much energy must be added, as a photon, to cause a molecule to dissociate into atoms.
Expressed per mole, this energy is called the spectroscopic dissociation energy, and it is conventionally given the symbol Dj.
These spectroscopic measurements involve the absorption of photons by real molecules. Before they absorb the photon, these
molecules already have energy in the form of vibrational and rotational motions. So the real molecules that are involved in any
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spectroscopic measurement have energies that are greater than the energies of the hypothetical motionless-atom molecules at the
bottom of the potential energy well. This means that less energy is required to separate the real molecule than is required to
separate the hypothetical molecule at the bottom of the well. For any molecule, D, >Dj.

To have the lowest possible energy, a real molecule must be in its lowest rotational and lowest vibrational energy levels. As turns
out, a molecule can have zero rotational energy, but its vibrational energy can never be zero. In Section 24.8 we review the
harmonic oscillator approximation. In its lowest vibrational energy level (n =0), a diatomic molecule’s minimum vibrational
energy is hv/2. Dy and v can be estimated from spectroscopic experiments. We estimate
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and the molecular electronic partition function becomes
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