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Abstract

A purely statistical approach to N-electron mononuclear sys-
tems is presented, The entropy-like functional of the elec-
tronic structure (" XN representation") turns out to inter-
relate the total energies of isoelectronic atoms and ions.
The resulting "combinatorial formula" for energies reprodu-
ces the corrected Hartree-fock data with the error about 25
ppm. The physical interpreatation of the representation re-
mains as an open questicon.

1. Introduction

The shape of the present day quantum chemistry seems to be
mostly formed by the notior of atomic and molecular orbitals
based on the independent particle model. The concept of the
orbitals, however, is but an approximation and, strictly apea-
king, orbitals do not exist [1]. Such terms as hydrogen-like
orbitals, self-consistent field orbitals, natural orbitals,
the Slater or Morse or Gauss orbitals do not stand for the
real physical phenomena; they are only artifacts of the app-
roximation used in the calculations, The dilemma stems from
the fact that, in general, the Schrdinger equation cannnt be
solved exactly, and some approximation methods must be intro-
duced,

A 50 years old approximation - the Hartree-fock method in
its Roothaan form - is at present the maost efficient technigue
for solving many electron problems in terms of atomic and mo-

lecular orbitals 11,2]. The main disadvantage of this method
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is the fact that the zimaining smcll error in energy is’ctill
tooc large as co.pared to chemical energy changes. The ahsclute
value of the error is of the same gider of magnitude a< the
quantity wkicn we would like to cuinpute., So that, even it the
Hartree-Fock furctions aie excellent approximations tc the cer-
rect wave functions, thay cannot provide quantitative agreement
far the calcuiation of birding energies and related quantities.
The so-called correstcd Hartree-fFock energics (those with the
total relativistic ccrrection) are believed to be much closer
to the experimental data (they aie for 25;20), but etill they
are affected by the neglect of lLwo corrections, namely the
effect of the finitc size of the nucleus and the correlation
enerny [3,4].

Coing beyond the Hartree-fock method one would apply the
so-called confiquratior-interaction method, but it generallv
takes a luige number of configuratians (a hundred or so terms)
to give a Lruly satisfactory wave function. Not only it reoui-
res an enormgous amcunt of computations, but also, ind what is
quite importart, the correspondence between orbitals and elec-
Lronic structure vanishes [5,6]. In short, the concept of the
electron orbital as a wave function which descrites one :lec-
tron independently of any others, is principally incurrect if
there is more than cne electron [7].

Recently [8 lue have introduced the concept of the so-
-called N representation of atomic structure, and reported
some preliminary results concerning the ground state energy of
atoms and their k-positive ions arranged according to the ge-
neralized Periodic Table criterion. It turns out that the tot-
al energy of atomic systems arranged that way is the linear
function of ZIr' Ir being the relative information content =
a functional related to our representation. We have also found
that this function is, in some way, compatible with the energy
expression [9] based on the? Thomas-Fermi model, In the second
part of our work [10], we started to examine the entropy de-
pendence of the ground state energy for iscelectronic series.
The key result presented there is the four-parameter enrrgy

formula the limiting behaviour of which exhibits consistency
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i=1 i=1 j»i
depends on the numbers N and Z only
H=Hlgn, 2), (2)

N and Z being the cardinalities of the sets of electrons, E ,

and protons, P , in the system:
card (E)= N, card ( P)= Z. [3]

Therefore the structure of the system is, in principle, enti-
rely determined by the numerical values of the integers N and
1. Becausse the sets E and P are known to be physically rela-
ted, one might suspect that the system structure has something
to do with some binary relations in the cartesian product E x P,
By a technique of a free association, we anticipate these
relations will be functions f:E—= P, In general, for N £ Z,
we do not expect these functions to be one-to-onej we shall
just consider them as all possible mappings from the set E-=
= {91'92""SN} to the set P={p1,p2,...,pz}.

Given N and Z, we first note that any function f defines

some partition of E simply by f-1[pj) cE, Py eP.
















































