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Summary: Two new equations to calculate electronic energies of polyatomic

molecules are tested for a Tlarge representative set.
Results are compared against values calculated by

sums of atomic terms.

These formulas are

means of other approximations and SCF calculations and their quality are

discussed in a comparative fashion.

Introduction

The Hartree~Fock Self Consistent
Field (HF-SCF) theory is the basic
framework to study in a theoretical
way the atomic and molecular electronic
structure and related phenomena such
as conformational analysis, spectro-
scopy, chemical reactivity, atomic and
molecular scattering, etc.

The total nonrelativistic electronic
energy within the frame of HF-SCF
theory is given by:

E=Zn e +V -V (1)
3 s n

S n ee

where n_ is the occupation number

corresponding to the s-th orbital, e

is the total
nn

nuclear repulsion energy and Vee is

is the orbital energy, V

the total electronic repulsion energy.

On the last years several
relationships between orbital eigen-
values and total energy were proposed
(see ref.[1}) of the form:

E=K In e (2)

K being a constant:

The value and interest of this
kind of simplified relations rest upon
the fact that they make up valid
attempts to rationalize the well-known:
"Sums of orbital energies" formulas
of Huckel type where these classes
of relationships are applied for several
purposes in semiempirical theories of
the Huckel type: Walsh's rules,
Woodward-Hoffman correlation
diagrams, qualitative molecular orbital
theory, etc.

Among the first semiempirical
‘equations for calculating molecular
energies can be considered that
proposed by Politzer [2].
mol 3 mol

== X
£ 7 b ZA VO,A (3)

mol .

\Y is the total electrostatic

0,A

potential at nucleus. A, located at
RA’ due to the electrons and other

nuclei
z p_.(r)
1 B
g?A=B§A[R-R}_I[T(—);] de (4
B A A
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pmol(r) is the molecular electronic

density function and the summation
in Eq. (4) is over all the nuclei in
the molecule. The noteworthy aspect
of Eq. (3) is that it provides the
molecular energy as a sum of atomic-
like terms.

In recent papers it was examined
the effects of replacing the factor 3/7
by a parameter KA which would be a

specific property of each atom A.

Politzer [3] determined the para-
meter KA by requiring that

Eatom =K 7 vatom

A A ‘A T0,A (5)

be satisfied exactly for each free atom

A, taking Ez:tom and Vgt;)m from

numerical Hartree-Fock calculations.
These atomic parameters were

then used in testing the proposed
approximate formula:

mol mol

= z
; & 5aZa Vo,a (6)
Eq. (6) showed to be superior

to eq. (3) giving results that are
comparable to those of a SCF or CI
level (see ref.[3]).

Anno [4] showed that subtie
changes of KA due to the modification

of the nuclear environment must be
taken into consideration in order that

one can obtain Emol with a satisfactory

accuracy. He obtained the modified
expression:

mol mod _ 3  mol
E 5% ‘v ()
by using KTOI determined from the

HF data on the A2 molecule.
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Teruya and Anno [5] determined

KA using HF data for a wide variety

of atoms and ions, and they concluded
that definitely such a parameter is
not constant but changes systemati-
cally.

An alternative for this class of
formula {[3] results when it is
considered the effect of replacing KA

in Eq. (6) by its value derived from
Eq. (5). The result is:

mo]

E ” atom

E EA (v

mol atom
0,a " Yon)

(8)

This gives the molecular energy as
the sum of the free atom energies,
each multiplied by a factor reflecting
the change in the electrostatic
potential at the nucleus of the atom

when going from the free state to the
molecule.

Eq. (8) indicates that molecular
energies may eventually be obtained
from experimentally measurable
properties related to the potentials at
nuclei, such as the chemical shifts in
electronic spectroscopy.

Castro and Fernandez [6] have
reported results of applying Eq. (8)

Table-1: The f, values for several atoms.

A
ATOM fA(a) fA(b)
K 1.13360 1.0480
B8 1.00067 1.00837
C 1.00038 1.00602
0 1.00032 1.00344
N 1.00176 1.00083
F 0.99976 0.99829
p 1.00009 1.00043 (c)
S 1.00004 1.00062 (c)
cl 1.00003 1.00067 (c)
(a) - ref [6]
(b} - ref [8]

(¢} - our results, based in HF atomic data of

references [10]) and [11].
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Table-111: Comparison of nonrelativistic total molecular electronic energies,

MOLECULE € -E £q (8) -E Eq (10)
H, 1.1336 1.1336 1.048
1.1266
BH, 26.3742 26.2459 26.3064
CH, 40.1823 39.9701 40.0115
NH. 56.1714 56.1971 56.1601
H,0 76.0649 75.9669 75.9195
76.0035
HF 100.0705 99.9523 99.7634
H,C, 76.7919 76.5395 76.8790
HCN 92.8286 92,7664 93.0276
N, 108.9928 108.9934 109.1761
108. 8695
co 112.7860 112.5363 112.7870
BF 124.0719 123.9309 123.9737
BHe 52.7675 52.4918 52.6127
CH, 78.0054 77.6731 77.9270
N H, 109.9418 110.1269 110.2241
H,C0 113.8917 113.6699 113.8350
113.8209
CHe 79.1981 78.8067 78.9750
N M, 111.1261 111.2606 111.2721
H,0, 150.7373 150.8003 150.7910
F, 198.7701 198.7710 198.4787
' 198.6932
CH,OH 115.0059 114.8035 114.8830
CH.F 139.0203 138.7888 138.7269
co, 187.5377 187.3696 187.6585
CH, 115.8203 115.3760 115.8425
CH,C0 151.6595 151.3728 151.7505
CHN, 147.7702 147.8323 148.1396

NNO 183.5761 183.8267 184.0476
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for various molecules. They assumed
the transferability of the factor f, =

mol atom : -
VO,A / VO,A among various molecules
and determined them from the HF data
on the A, molecule. They concluded

mol2
that E i

in Eq. (8) agrees with Eqp-

Thakkar [7] has recently report-
ed the empirical relationship:

" 2 10482 (T v.e )t - 0,920V (9)
Ay 11 A ee

where EmOI denotes the total electronic

energy of a given molecule; (2 vy
1

?)A represents the sum of one-electron

eigenvalues and Vee the total electron

repulsion energy for the atom A.

Sen
and Eq.

[8] has combined Eq. (9)
(8) to obtain an empirical
average estimate of Vgok from purely

atomic quantities

mol . A A
VO,A = {1.048 + 0.124 (Vee / E)] VO,A

{(10)

Vi ei)A the Hartree

substituting for (z
¢
A

-Fock equivalent E= + Vee'

The main purpose of this paper
is to extend Sen's calculation on the
fA factors, and also to report results

of the application of Eq. (8) and (10)
to these molecules included in the
Snyder and Basch boiok of SCF wave
functions and in ref.[6].

Results and Discussion

In Table I we show the fA values

for several atoms which were obtained
from Eq. (8) and Eq. (10). These
ratios are used for calculating non-
relativistic total molecular electronic
energies which are reported in Table
II.
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The average error of Eq.

(8)

‘and Eq. (10) for poly-atomic molecules

is about 0.1% and 0.3% respectively.

Values obtained from Politzer's
formula are more confident since they
are derived from atomic energies while
those values obtained by the Sen's
relation are derived from an empirical
relationship.

The average error of Eq.
Eq. (6) and Eq. (7) [2-5] are 1.5%,
0.2% and 0.5%, respectively. It is
clear that Eq. (8) and Eq. (10) yield
the same errors.

(3),

From Table II we can conclude
that there is an excellent agreement
between the exact (SCF) energies and
the calculated ones via Eq. (8). These
numerical results represent a strong
support for the use of very simple
approximate sums to calculate total
molecular energies in terms of atomic-
like terms, and they are in line with
our previous research on this topic
[6,12-21].
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