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Synopsis Calculations of the potential energy curves of diatomic molecules are performed for the entire range
of internuclear separation in order to correlate Rydberg orbitals at the united atom and separated atoms which
are needed to properly assign highly excited Rydberg states.

The assignment of highly excited Rydberg
states is difficult because of the absence of the
knowledge on the behaviors of potential
energy curves (PECs) at small internuclear
separation R for most of cases whereby the
correlation between the united atom (UA)
limit and separated atoms (SA) limit cannot
be given. We performed all electron multi-
reference configuration interaction
calculations of PECs for Hy, Hey, Li>[1], HeH,
LiH [2], BeH and BH to obtain the correlation
diagrams between Rydberg orbitals at both
limits.

Calculations show that the behaviors of
guantum defect curves (QDCs) are dominated
by electrons in Rydberg orbitals in contrast to
those of PECs which are dominated by core
electrons (see Fig. 1), indicating that QDCs
are suitable for the study of correlations
between Rydberg orbitals at the UA and SA
limits. Note that wusual UA and SA
designations of Rydberg orbitals are derived
from the studies of one-electron molecular
systems and cannot be used for many-electron
molecular systems. There may be several
reasons for this failure. One of the reasons
comes from the strong influence of core

electrons in the neighborhood of united atoms.

Their influence can be ignored in the Franck-
Condon region so that groupings of Rydberg
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states into series akin to that of the molecular
ion are attained. There is another reason
coming from the incompatibility between
Rydberg orbitals at both limits which causes
distortion to the behaviors of Rydberg series.
Diversities in the correlation patterns are
observed for different molecules.
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Figure 1. Correlations of Rydberg orbitals of a LiH
molecule at the united atoms and separated atoms.
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