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Pade approximants that are obtained from an algebraic
equation of arbitrary degree. Numerical results indicate
that given enough terms in the asymptotic expansion the
rate of convergence of the diagonal staircase approximant
sequence increases with the degree. Different branches of
the approximants converge to different branches of the
function. The success of the high-degree approximants is
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Abstract: The convergence behavior of Moller-Plesset
(MP) perturbation series is governed by the singularity
structure of the energy, with the energy treated as a func-
tion of the perturbation parameter. Singularity locations,
determined from quadratic approximant analysis of high-
order series, are presented for a variety of atoms and small
molecules. These results can be used as benchmarks for
understanding the convergence of low-order methods such
as MP4 and for developing and testing summation meth-
ods that model the singularity structure. The positions
and types of singularities confirm previous qualitative pre-
dictions based on functional analysis of the Schrodinger
equation. (c) 2006 American Institute of Physics.

[563] A. V. Sergeev, D. Z. Goodson, S. E. Wheeler, and W. D. Allen.
On the nature of the Moller-Plesset critical point. J. Chem. Phys.,
123(6):11, 2005.

Abstract: It has been suggested [F. H. Stillinger, J.
Chem. Phys. 112, 9711 (2000)] that the convergence or
divergence of Moller-Plesset perturbation theory is deter-
mined by a critical point at a negative value of the per-
turbation parameter z at which an electron cluster disso-
ciates from the nuclei. This conjecture is examined using
configuration-interaction computations as a function of z
and using a quadratic approximant analysis of the high-
order perturbation series. Results are presented for the
He, Ne, and Ar atoms and the hydrogen fluoride molecule.
The original theoretical analysis used the true Hamilto-
nian without the approximation of a finite basis set. In
practice, the singularity structure depends strongly on the
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choice of basis set. Standard basis sets cannot model dis-
sociation to an electron cluster, but if the basis includes
diffuse functions then it can model another critical point
corresponding to complete dissociation of all the valence
electrons. This point is farther from the origin of the z
plane than is the critical point for the electron cluster, but
it is still close enough to cause divergence of the perturba-
tion series. For the hydrogen fluoride molecule a critical
point is present even without diffuse functions. The basis
functions centered on the H atom are far enough from the
F atom to model the escape of electrons away from the
fluorine end of the molecule. For the Ar atom a critical
point for a one-electron ionization, which was not previ-
ously predicted, seems to be present at a positive value of
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Abstract: The variational principle for eigenvalue prob-
lems with a nonidentity weight operator is used to es-
tablish upper or lower bounds on critical parameters of
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are considered as examples. Critical screening parame-
ters for the exponentially screened Coulomb potential are
found using a trial function with one nonlinear variational
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Abstract: It is generally believed that the old quan-
tum theory, as presented by Niels Bohr in 1913, fails
when applied to few electron systems, such as the H-
2 molecule. Here we review recent developments of the
Bohr model that connect it with dimensional scaling pro-
cedures adapted from quantum chromodynamics. This
approach treats electrons as point particles whose posi-
tions are determined by optimizing an algebraic energy
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function derived from the large-dimension limit of the
Schrodinger equation. The calculations required are sim-
ple yet yield useful accuracy for molecular potential curves
and bring out appealing heuristic aspects. We first ex-
amine the ground electronic states of H-2, HeH, He-2,
LiH, BeH and Li-2. Even a rudimentary Bohr model,
employing interpolation between large and small inter-
nuclear distances, gives good agreement with potential
curves obtained from conventional quantum mechanics.
An amended Bohr version, augmented by constraints de-
rived from Heitler-London or Hund-Mulliken results, dis-
penses with interpolation and gives substantial improve-
ment for H-2 and H-3. The relation to D-scaling is empha-
sized. A key factor is the angular dependence of the Jaco-
bian volume element, which competes with interelectron
repulsion. Another version, incorporating principal quan-
tum numbers in the D-scaling transformation, extends the
Bohr model to excited S states of multielectron atoms. We
also discuss kindred Bohr-style applications of D-scaling
to the H atom subjected to superstrong magnetic fields
or to atomic anions subjected to high frequency, superin-
tense laser fields. In conclusion, we note correspondences
to the prequantum bonding models of Lewis and Lang-
muir and to the later resonance theory of Pauling, and
discuss prospects for joining D-scaling with other meth-
ods to extend its utility and scope.
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