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Peeter BURK Mati KARELSON
SELF-CONSISTENT REACTION FIELD OF AN

IONIC ATMOSPHERE

Self-consistent reaction field method was modified in order to take into account
the interaction of a solute molecule with ionic atmosphere, formed around it in ionic
solution.

1. Introduction

Quantum-chemical calculations refer traditionally to isolated mole-
cules. However, most of the chemically interesting processes occur in
condensed media (liquids, solutions). Several methods have been applied
too, the problem needs more thorough experimental and theoretical
e. g. “supermolecule” approach [l2- 3], self-consistent reaction field
(SCRF) approach [4 ’ 5,6 ], etc. [ 7>B ].

In the present work the SCRF method was modified by taking into
account the interaction of the neutral or charged molecule with the ionic
atmosphere created around it in electrolyte solution.

2. Theory

According to the model developed by us, the quantum-chemical Mul-
liken’s partial charges located on the atomic nuclei create around them-
selves the respective ionic atmosphere. The latter can be represented as
the excess space-charge density F(r) around a point-charge q (Mulli-
ken’s partial charge) as follows [9 ]:
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e is the macroscopic dielectric constant of the solvent, r is the distance
from the point-charge and I is the average distance between the nearest-
neighbour ions at the absolutely uniform distribution of them in the
solution (in atomic units). The ionic atmospheres created by all the
partial charges in the solute molecule will interact with each other and
nuclei and electrons in the molecule according to the electrostatic prin-
ciple of superposition. Correspondingly, the following sum must be added
to the total energy of the molecule in the ionic solution:
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In those formulae Ecre denotes the energy of the creation of ionic atmo-
sphere [9 ], Eint is the energy of interaction between ionic atmospheres
and atomic nuclei [ 9] and Fatm is the energy of interaction between
ionic atmospheres themselves [ lo ], The fourth term dEei, which cor-
responds to the change of electronic energy of the solute molecule by
the interaction between its electrons and ionic atmospheres is not cal-
culated directly according to the classical model, but added to the
electronic Hamiltonian, which can then be represented as
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where H 0 is standard SCRF electronic Hamiltonian for a molecule, dis-
solved in the polarizable medium [ 4 > s], and the sum is taken over all
the electrons in the molecule.

3. Applications

The MOPAC program package [и ] was used in the modified form
which accounts for the reaction field effects in dense media [ l2 ]. The
Hamiltonian matrix elements on atomic basis were modified in
accordance to formula (8):

n tj=m. +£ / U dt, (9)
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where H°. is the standard Hamiltonian matrix element and Ф* and (Dj
г j

denote the atomic orbitals. The integrals were calculated by using Mul-
liken’s approximation [l3 ] (he. the distances Rk between the electrons
and the centres of ionic atmosphere were replaced by their average
values) as follows
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where is the overlap integral between orbitals Ф* and Ф3-.

The calculations were carried out by using semiempirical AMI para-
metrization [ l4 ] on neutral methanol molecule (radius of the cavity for
SCRF a0=2.02 A), anion of acetic acid (a 0 —2.10 A), cation of methyl-
ammonium (a 0=2.55 A) and zwiitterionic form of glycine (a0=2.34 A) in
water (e = 78) varying the concentration of 1 : 1 electrolyte in solution
from 1 p,M to 1 M. In all cases the geometry of molecules was fully
optimized. The results of calculations are presented in Tables I—4.
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It can be seen that in the case of neutral molecule the difference
between ordinary SCRF and self-consistent ionic field (SCIF) energies
is not significant, but in the case of anion, cation and zwitterion it is
considerable at medium and higher concentrations of ions in the
solution. However, the dependence of the SCRF energies of anion and
cation is substantially different from the very low concentrations of
ions in solution (cf. Tables 1 and 2). It is well-known that the individual
energies of ions in electrolyte solution can be experimentally determined
only on the basis of some extrathermodynamic assumptions [ ls]. Our
approach gives these energies to multiatomic ions without any of
these assumptions and allows therefore the study of the specific
interactions of these ions with the ionic atmosphere.

The geometries of the ions studied in the present work are insen-
sitive to the change of the ionic atmosphere. However, this may be
different for systems characterized by direct polar resonance in their
structure. As observed by us earlier [l6 ], ordinary reaction field effects
may be large on the geometrical parameters (bond lengths, bond angles
and conformational angles) of these molecular species. The results of
the corresponding systematic investigation will be published elsewhere.
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Results of the calculation

Table 1
of methanol

Con-
centration
of ions, M

Heat of
formation,
kcal/mol

Difference
from SCRF

energy,
kcal/mol

0.000001 —59.627 0.0
0.00001 —59.627 0.0
0.0001 —59.426 0.001
0.001 —59.625 0.002
0.01 —59.623 0.004
0.1 —59.621 0.006
1.0 —59.620 0.007

Results of the calculation
acid anion

Table 2

of the acetic

Con-
centration

Heat of
formation,

Difference
from SCRF

of ions, M kcal/mol kcal/mol

0.000001 —205.557 0.005
0.00001 —205.564 0.012
0.0001 —205.577 0.025
0.001 —205.606 0.054
0.01 —205.667 0.115
0.1 —205.798 0.246
1.0 —206.077 0.525

Table 3

Results of the calculation of the ethyl-
ammonium cation

Con-
centration

of ions, M

Heat of
formation,
kcal/mol

Difference
from SCRF

energy,
kcal/mol

0.000001 69.313 0.004
0.00001 69.307 0.010
0.0001 69.295 0.022
0.001 69.270 0.047
0.01 69.218 0.099
0.1 69.118 0.199
1.0 68.941 0.376

Table 4

Results of the calculation of the glycine
zwitterion

Con-
centration

Heat of
formation,

Difference
from SCRF

of ions, M ■ kcal/mol energy,
kcal/mol

0.000001 — 183.602 0.001
0.00001 — 183.608 0.007
0.0001 — 183.413 0.012
0.001 — 183.627 0.026
0.01 — 183.652 0.051
0.1 — 183.724 0.103
1.0 — 183.799 0.197
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Peeter BURK, Mati KARELSON
lOONSE ATMOSFÄÄRI KOOSKÕLALINE REAKTSIOON IVÄLI

Kooskõlalise reaktsioonivälja meetodit modifitseeriti nii, et see arvestaks ka lahus-
tunud aine molekuli interaktsiooni elektrolüüdi lahuses molekuli ümber moodustuva
ioonatmosfääriga.

Пеетер БУРК, Мати КАРЕЛСОН
САМОСОГЛАСОВАННОЕ РЕАКЦИОННОЕ ПОЛЕ ИОННОЙ АТМОСФЕРЫ

Метод самосогласованного реакционного поля модифицирован для учета взаимо-
действия между молекулой растворенного вещества и ионной атмосферой, которая
образуется вокруг него в растворе электролита.
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