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An MO-theoretical Interpretation of the Nature of Chemical Reactions.

I. Partitioning Analysis of the Interaction Energy*1
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Faculty of Engineering, Kyoto University, Sakyo-ku, Kyoto

(Received February 20, 1968)
The molecular interaction energy, without considering the nuclear configuration change, is dis-

cussed by partitioning it into the Coulomb, exchange, delocalization, and polarization terms. A
succinct approximate expression for each term is derived, and its magnitude is discussed. The ex-

pressions obtained as the second-order perturbation terms for the delocalization and the polarization
energies are in accord with those of the well-established reactivity indices, the delocalizability , and
the self-atom polarizability respectively. The chemical reactivity can thus be measured by the
combined sum of these four terms. In usual ionic reactions the Coulomb and the delocalization
terms are more important than the exchange and the polarization terms respectively.

The molecular orbital (MO) approach can be used
to interpret the chemical reactivity of organic mole-
cules, both saturated1) and unsaturated.2) Most of
these MO criteria for the chemical reactivity are
based on the use of various reactivity indices defined
as the theoretical quantities of isolated reactant
molecules, each based on an appropriately-assumed

model for the chemical reaction. The classification

of these indices has tentatively been made by dividing

them into three groups, the static, the localization,

and the delocalization approaches.8) The com-

parison of these approaches appeared promising for
acquiring knowledge of the reaction mechanism.2)

However, the semiempirical character of calculation

made an absolute comparison of the various methods

difficult. In addition, as a result of the existence of

several theoretical correlations among the reactivity

indices,4) no unequivocal conclusion has yet been

obtained. Although the formal introduction of

*1 The basic idea of this paper was presented by one
of the present authors (K.F.) at the International Summer
School of Quantum Chemistry, Istanbul, August, 1964,
while a skeletal presentation was made in K. Fukui,
Kogyo Kagaku Zasshi (J. Chem. Soc. Japan, Ind. Chem.
Sect.), 69, 794 (1966).

1) K. Fukui, "Modern Quantum Chemistry," Vol
I, ed. by O. Sinanoilu, Academic Press, New York
(1965), p. 49, and the references cited therein.

2) A. Streitwieser, Jr., "Molecular Orbital Theory
for Organic Chemists," John Wiley & Sons, New York
(1961), Chapter 11, and the references cited therein.

3) K. Fukui, "Molecular Orbitals in Chemistry,
Physics and Biology," ed. by P.-O. Lowdin and B.
Pullman, Academic Press, New York (1964), p. 513.

4) K. Fukui, T. Yonezawa and C. Nagata, J. Chem.
Phys., 26, 831 (1957), and the references cited therein.
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the "transition-state" concept in the absolute-rate
theory has doubtless been illuminating, the basic
principle of the activated complex formation is not
yet clear. The nature of chemical reactions, there-
fore, still remains obscure in many details from the
quantum-mechanical point of view.

It is the aim of the present approach to make a
contribution to this problem through a formulation
of the energy of chemical interaction, to derive at the
same time a prototype of several reactivity indices in
a unified manner, and also to discuss the character-
istic features of the reaction path , on the potential
energy surface. The method is based chiefly on the
Roothaan-type linear combination of atomic orbitals
(LCAO) MO approach, with some use of the con-
figuration interaction (CI) procedure.5)

Electron Delocalization in the Chemical In-
teraction. Since 19336) several theories were pro-
posed one after another to explain the chemical
reactivity of conjugated molecules along the static5-8)
and the localization approaches.9) In 1952 the
"frontier electron" concept10) was put forth; it po-
inted out that the electrophilic aromatic substitu-
tion should take place at the carbon atom of the
largest density of the highest energy electrons.
Similarly, the nucleophilic replacement was later
shown to occur at the position of the largest density
of the lowest unoccupied MO. In comparison with
the theoretically well-established character of the
other reactivity theories then existing, the lack of a
solid physical foundation for the infant frontier elec-
tron theory suggested instead the possibility of the
involvement of a new principle for the mode of
chemical interaction.

It was coincidentally in the same year that the
elegant theory of the charge-transfer interaction was
developed by Mulliken with regard to the molecular
complex formation between a donor and an ac-
ceptor.11) In this connection, the "overlap and

orientation" principle was proposed;12) . it con-
sidered only the overlap interaction between the
highest energy occupied MO of the donor and the
lowestt energy unoccupied MO of the acceptor.

Since the behavior of the frontier electrons was
attributed to some type of electron delocalization
between the reactant and the reagent,18) it was
natural for the charge-transfer mechanism and the
overlap and orientation principle to be connected to
the problem of ionic reactions. Brown combined
the charge-transfer theory with the frontier electron
concept to derive a consistent theory of chemical
reactivity.14) All of these treatments10-15) together
may be termed the "delocalization approach" to
chemical reactivity theory.

Applying the donor and acceptor concept to the
substitution reactions in conjugated molecules, the
electrophilic and the nucleophilic reactions were dis-
cussed from a unified point of view. Thus, the high-
est occupied (HO) MO of the donor molecule and
the lowest unoccupied (LU) MO of the acceptor
molecule were considered to behave as frontier or-
bitals in ionic reactions,10) not only in substitutions
but also in additions, and even in multicentric reac-
tions.3) When the overlap and orientation prin-
ciple was applied to odd-electron molecules or
radicals, the half-occupied nonbonding (NB) MO
was responsible for the reactive interaction. A
similar behavior of these particular MO's has also
been pointed out in nonplanar saturated molecules.)
In addition, the conspicuous property of HO and
LU in determining the steric course of organic reac-
tions has been discovered and has attracted much
attention.3,16)

In this view, it may be of interest to discuss the
energy of reacting systems by dividing it into
various kinds of interactions. Such a treatment will
be useful in helping us to understand what factor
is really important in the chemical reaction.

Interaction with No Nuclear Configura-
tion Change

The energy of the interaction between two inde-
pendent systems, in which, tentatively, no nuclear
configuration change is considered, is defined by the
following equation:

5) C. C.J. Roothaan, Revs. Mod. Phys., 23,69 (1951)
Longuet-Higgins and Murrell applied the concept of
configuration interaction in discussing the electronic
spectra of composite alternant hydrocarbons. They
introduced the idea of polarization and charge-transfer
interaction between the two fragments of a composite
molecule. H. C. Longuet-Higgins and J. N. Murrell,
Proc. Phy. Soc., A68, 601 (1955); J. N. Murrell, ibid.,
A68, 969 (1955).

6) L. Pauling and G. W. Wheland, J. Chem. Phys.,
1, 362 (1933).

7) T. Ri and H. Eyring, ibid., 8, 433 (1940); T. Ri,
Rev. Phys. Chem. Japan, 17, 1, 16 (1943); A. Pullman and
B. Pullman, Experientia, 2, 364 (1946); M. J. S. Dewar,
Trans. Faraday Soc., 42, 764 (1946).

8) a) C. A. Coulson, Discussions Faraday Soc., 2,
9 (1947); J. chim. phys., 45, 243 (1948); b) C. A. Coulson
and H. C. Longuet-Higgins, Proc. Roy. Soc. (London)
A191, 39; A192, 16 (1947); other papers cited in Ref.
3.

9) G. W. Wheland, J. Am. Chem. Soc., 64, 900 (1942);
M. J. S. Dewar, ibid., 74, 3357 (1952).

10) K. Fukui, T. Yonezawa and H. Shingu, J. Chem.
Phys., 20, 722 (1952); see also the subsequent papers:
K. Fukui, T. Yonezawa, C. Nagata and H. Shingu, ibid.,
22, 1433 (1954), and the papers cited in Ref. 3.

11) R. S. Mulliken J. Am. Chem. Soc., 74, 811 (1952).
12) R. S. Mulliken, Rec. Trav. Chim., 75, 845 (1956).
13) K. Fukui, T. Yonezawa and C. Nagata, This

Bulletin, 27, 423 (1954); K. Fukui, T. Yonezawa and
C. Nagata, J. Chem. Phys., 27, 1247 (1957).

14) R. D. Brown, J. Chem. Soc., 1959, 2232; cf. K.
Fukui, K. Morokuma, T. Yonezawa and C. Nagata,
J. Chem. Phys., 32, 1743 (1960).15

) S. Nagakura and J. Tanaka, Nippon Kagaku
Zasshi (J. Chem. Soc. Japan, Pure Chem. Sect.), 75, 933
(1954); T. Yonezawa, K. Hayashi, C. Nagata, S.Ok

amura and K. Fukui, J. Polymer Sci., 14, 312 (1954),
and other, related papers cited in Refs. 2 and 3.

16) R. B. Woodward and R. Hoffmann, J. Am. Chem.
Soc., 87, 395, 2511 (1965).
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(1)

where ΔW is the interaction energy, WA0 and WB0

being the energies of the initial stationary states of
two isolated systems, A and B, and W, the lowest

total energy of the two mutually-interacting systems.

The energies of all the systems were calculated in

the frame of the Born-Oppenheimer approxima-

tionl17) and obtained in the form of the adiabatic

potential.
The Hamiltonian operator of the combined system

in atomic units is:

(2)

in which:

The unperturbed normalized wave-functions of
the A and B systems are assumed to be represented in
terms of Slater determinants composed of ortho-
normal spin-orbitals with LCAO MO spatial func-
tions, which are Roothaan-type SCF (self-consistent-
field) MO's with respect to the ground state of each
isolated system.18) The wave-functions of an ex-
cited or charge-transferred configuration may be
made up of the MO's associated with the realistic
and non-realistic roots of the Fock equation for the
ground state. Therefore, all of the MO's are
definite and fixed, with a given nuclear configura-
tion in each isolated system.

The spatial parts of LCAO MO are represented

by:

for the system A (3a)

and

for the system B (3b)

where t and u are the AO's belonging to the nuclei
of A and B respectively. No particular restriction is

placed on the type of these AO's. Usually they may
be taken to be Slater-type or Gaussian AO's. How-
ever, it is often convenient for the later discussion
of reactivity criteria to employ the valence atomic
orbitals (VAO's).19) Our present purpose allows us
to take all functions as real.

The occupied and unoccupied MO's in the ground
state are distinguished in the following way:20)

The configurations to be taken into account are

as follows:

The perturbed normalized wave-functions of the

combined-system ΨJ's are constructed by means of

17) M. Born and J. R. Oppenheimer, Ann. Physik,
84, 457 (1927).

18) Either A and B, or both, may be an odd-electron
system. For such a system the "restricted" open-shell
SCF MO theory (e.g., see G. Berthier, "Molecular
Orbitals in Chemistry, Physics, and Biology," ed. by
P.-O. Lowdin and B. Pullman, Academic Press, New
York (1964), p. 57) should be applied to compose the
wave-function. A calculation similar to the present one
was early made by Mori (Y. Mori, This Bulletin, 35,
1584 (1962)) with respect to the interaction between a
molecule and a radical.

19) K. Ruedenberg, Rev. Mod. Phys., 34, 326 (1962);
compare R. McWeeny, ibid., 32, 335 (1960).

20) For the presentation of an "  unoccupied" MO
to interact with another molecule, the Roothaan LCAO
MO approach, with a basis set of a limited number of
AO's chosen so as to be suitable for describing the
occupied MO's is not necessarily appropriate.
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the Slater determinants, composed of ai's, aj's, bκ's,

and bl's according to each electron configuration.
The subscript J stands for all configurations, 0,
i→j, κ→l, i→l, κ→j, and other highly-excited or

transferred ones, such as (i→j, i'→j'), (i→j, i'→l),

(i→l, i'→l'), and so on.21) The wave-function ΨJ

may further be specified by the superscript (2S＋1)

and the subscript Ms as represented by 2S＋1MsΨJ,

where S and Ms designate the usual total spin

quantum numbers. For in stance, 30Ψi→l is re-

presented by:

where NA signifies the normalization-antisynunetri-

zation operator; the nonbarred and barred MO's

represent the spin-orbitals with spin-functions of α

and β respectively, and n and m indicate the number

of doubly-occupied MO's of A and B respectively in

the zero-configuration.

The secular determinant is represented by:

(4)

where the subscript I signifies the initial J, and
where:

The orders of magnitude of the overlap integrals are

estimated as:

and so forth, where sab represents an overlap integral

of an MO of the system A and an MO of the system

B. The general relation is given by:

(5)
in which ν is the minimum number of electron trans-

fers between A and B required to shift the electron
configuration from j to J'.

In order to calculate W in Eq. (1), which is given
by the lowest root of the secular equation (4), it is
assumed that the lowest HJ,J is HI,I and that no
others are equal to HI,I.22) On the basis of the
second assumption, that SJ

,J' and HJ,J' (J≠J')

are small, W can be expanded in approximately the

following form:

(6)

where monotr., diex., etc. imply monotransferred,

diexcited, etc. configurations with respect to the ini-

tial configuration, I23) The third term (＋ …)

designates the remaining terms, which cover the dif-
ference from the exact root of Eq. (4).

If it is assumed12) that the interaction between A
and B is not yet very strong and that Hr ,, is almost
linear with SI ,p, it follows that, in light of Eq. (5), the
terms from monotransferred configurations will pos-
sess magnitudes of the order of sab2, and that the
monoex. and the ditr. terms are of sab4, the monotr.-
monoex. term is of sab6, and so on. In addition to
this, if SCF MO's are employed, the well-known
Brillouin theorem24) makes the HI,p values of mono-
ex. terms small. Moreover, the denominator of the
second term, Hp ,p-HI,I, can usually not be small
in excited configuration terms, while in transferred
configuration terms it can be, and sometimes, as in
Eq. (7'), even a first-order term appears in place
of the second-order transferred configuration terms
of Eq. (6). In these circumstances the monotrans-
ferred term will become uniquely important.

21) The wave-functions for these electron configura-
tions should be regarded as those adopted to describe
the perturbed wave-function in terms of that of the
isolated reactant molecules, and not necessarily as cor-
responding to any realistic "excited" or "transferred"
states.

22) This assumption reflects the adiabaticity require-
ment for the interaction. There are two other pos-
sibilities. In one the lowest HJ,I is HI,I and the other

pHJ,J's (H1,1, H2,2…, Hq,q…, Hp,p) are equal to HI,I,

where the suffix q stands for one of the monotransferred
configurations with reference to I. In this case the
equation corresponding to Eq. (7) becomes:

(7')

The other is the case in which the lowest HJ
,J is not HI,I

but p1HC,C's (HC1,C1, HC2,C2,…, HCq,Cq…, HCp,Cp,…) of

an equal energy, where Cq stands for one of the mono-
transferred configurations of I. In this case

(7'')

23) When the initial configuration is an excited one,
the term "excited" configuration should include "di"-
excited configurations, too.

24) L. Brillouin, Actualitls sci. et ind., 71 (1933); 159
(1934).
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Thus, if we take only the terms not smaller than
sab2, namely, the monotransferred terms in the
second term of Eq. (6), we get:

(7)

where p stands for the pth monotransferred configura-
tion with reference to I, and where N is the number
of monotransferred configurations.

Combined Reactivity Index

The in teraction energy, ΔW, in Eq. (1), appro-

priately calculated with respect to a given nuclear
configuration, will serve as a reasonable measure of

the stability of that configuration. A compariscn

of ΔW with the various nuclear configurations which

are possible in a given chemical interaction will

make it possible to discuss the preferred orientation

theoretically. Thus, ΔW can be a general scale of

reactivity. The singlet interaction energy,25) ΔW,

of Eq. (1), which has reference to the initial state,
with a zero-configuration composed of two even-
electron ground-state systems, is written by Eq. (6)
as:

(8)
where:

(8a)

(8b)

(8c)

Coulomb and Exchange Interaction Terms. Among the three terms on the right side of Eq.

(8), ε0 is a first order term which arises from the Coulomb and the exchange interaction terms be-

tween A and B: it can be calculated easily as:

(9)
where the Coulomb interaction energy, εQ, is:

(10)

and where the exchange interaction energy, εK, is:

(11)

in which:

If we here employ the Mulliken approximation:26)

we can easily obtain:27)

(12)

(12')

The singlet and the triplet interactions between two
odd-electron systems give an analogous relation.

25) The term "singlet interaction" signifies an
interaction of two systems, A and B, with a conservation
of the total spin zero. Similarly, "doublet interaction"
and "triplet interaction" will later be used in the cases
of the interaction of a radical with a molecule or with
a radical.

26) R. S. Mulliken, J. chim. phys., 46, 497 (1949).
27) In the doublet interaction between an even-

electron system (A) and an odd-electron system (B), a
similar equation is obtained:
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where NAt is the population of the ith AO of the

isolated system, A, and is given by:

and:

in which C(i)t means the coefficient of Eq. (3a) for
MO ai, and in which

Further approximation which puts

etc., where a denotes the nucleus to which the tth

AO belongs, may be possible if the distance between

A and B is not very short. This approximation at

once gives rise to the succinct expression:

(13)

where Nα is the population of the atom α, that is, it

is equal to (α)ΣtNAt.28) This equation is very con-

venient for grasping the meaning of the Coulomb

interaction term, since (Zα-Nα) and (Zβ-Nβ) re-

present the net plus charge of the atom a of A and
of the atom β of B respectively. In neutral non-

polar molecules, therefore, εQ is not very important.

The exchange interaction term, εK, is almost

solely responsible for the multiplet separation. In

the ground-state interactions it is usually repulsive

except for the singlet interaction of two ground-state

odd-electron systems.29)

The case of single-site overlapping, namely, when

overlapping between only one AO (say r) of A and
one AO (say r') of B is appreciable, may often be
important. This is nearly the case in the aromatic
substitution by a reagent with essentially one AO.
If VAO's are employed as the basis AO's, the MO
overlapping with reagent orbitals becomes single-
sited in many cases.

In the case of single-site overlapping, Eq. (11) be-
comes, by the use of the Mulliken approximation:

(14)

in which:

indicating that the exchange interaction varies with
the square of the overlap integrals and is, accord-
ingly, less important than the Coulomb interac-
tion at the initial stage of interaction in polar reac-
tions.

Charge-transfer Interaction Term. The
second term appearing on the right side of Eq.
(8) comes from the electron-delocalization in-
teraction due to the mixing of monotransferred con-
figurations. The calculation of the matrix elements
and overlap integrals gives:

(15)

28) If we put stt''s and suu''s equal to zero, Eq. (13) becomes identical to the equation obtained by Rein and
Pollak (R. Rein and M. Pollak, J. Chem. Phys., 47, 2039 (1967)). They also assumed sab=0 in obtaining the
exchange interaction energy. See also G. Klopman and R. F. Hudson, Theoret. chim. Acta (Berl.), 8, 165 (1967).
29) In this case

where:

Since the magnitude of K is essentially determined by the orbital overlapping between the two systems, the
attractive term, δ∞', is in this case dominant, as is the case of hydrogen molecule formation from two hydrogen

atoms.

30) The terms of the sab (cd/ef) type are omitted in order to avoid intricacy of expression in the subsequent
equations, where a, b,... denote MO's. These are obtainable in a manner similar to that of 29). The terms
of sab2 are all neglected.
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and:

(16)31)

where

is the Coulomb interaction part, and where

is the exchange interaction part.
The Koopmans theorem32) makes a possible

physical interpretation of the quantities in Eq. (15).
The quantity IAt is the vertical ionization poten-
tial, with no rearrangement of the nuclear configura-
tion, of the isolated system A with respect to the
electron in the ith MO; similarly, EBt is the ver-
tical "electron affinity"33) of the isolated system B
with respect to the lth MO, while ΔIAt is the change

in IAi due to the approach of the system B, and

ΔEBl is the change in EBl due to the approach of the

system A. With regard to ail, the following rela-

tions hold:

where:

where I(B+l)Ai is the value of IAi in the case of the
approach of the system B with an additional electron
occupying the lth unoccupied MO, and where
E(A-i)Bl is the value of EBl in the case of the approach

of the system A in which one electron occupying the

ith MO is subtracted.

Then, we derive the useful equation:

(17)

which shows that this quantity is not simply written
as (IAt-EBl). As a matter of fact, Eq. (17) is
self-evident, as is directly elucidated by the following
diagram:

Relations of such a kind are completely general in
character (cf. Eq. (21)).

Equation (16) indicates that the numerator of
each term on the right side of Eq. (8b) consists of
two parts, the Coulomb interaction part and the
exchange interaction part. Since the latter is small
compared with the former except in a perfectly
nonpolar case, we will consider only the case in
which the exchange part can be neglected.

The approximation of multiple-site overlapping, in
which the paired AO's are denoted by the r of A and
the r' of B, leads to the expression:

(18)

where:

(19)

in which:

Eq. (19) indicates a linear relationship of the right
side of Eq. (16) with orbital overlapping. Equation
(19) can also be written:

(19')

which shows the remarkable characteristic that the

charge-transfer interaction is large with the local net

31) To derive this equation, it must be remembered
that the MO's are assumed to satisfy the Fock equation for
the isolated system.

32) T. Koopmans, Physica, 1, 104 (1933).
33) With respect to the physical significance of the

energy level of a Fock-Roothaan unoccupied MO, one
should in any event be cautious. To connect EBI with
any experimental value, it is. recommended that one
adopts an extended-basis set of AO's in the Roothaan
LCAO. This point will be discussed in a subsequent
paper.
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charge near the reaction center of the acceptor

molecule.

Thus, we can obtain this approximate expression

of D:

(20)

in which:

If we consider the special case of a single-site in-
teraction between the rth AO of the reactant, A, and
a reagent, B, assuming that the reagent possesses
only one AO (designated as r') and, accordingly,
only one MO to be taken into account, and that

C(l)r'γ(i)rr'(=γr) and C(k)r'γ(k)rr'(=γr') are constant

with respect to a given reagent, then it follows that:

when the reagent
orbital is unoccupied

when the reagent
orbital is occupied,

(20')

in which:

and

when the reagent orbital
is unoccupied

when the reagent orbital
is occupied

The quantity on the right side of Eq. (20') is nothing
but superdelocalizability13) and delocalizability34) pre-
viously defined by one of the present authors in dis-
cussing the reactivity of unsaturated and saturated
compounds. These relations are useful for estimat-
ing the value of the quantities employed in semi-
empirical reactivity theories.

The same equations as in Eqs. (17)-(19') hold in
the interaction of an even-electron system and an
odd-electron system. In this case, however, Eq.
(20) becomes:

(21)

and, corresponding to Eq. (20'), we obtain:

(21')

in which B is equal to (-E(A-i)Bo' and B' is equal
to (-I(A)Bo'). This equation is similar to the form
of superdelocalizability and that of delocalizability
for this case of interaction. It is noteworthy that,
even in the interaction of a neutral molecule with
a neutral radical, the local charge of atoms deter-
mines the magnitude of D.85)

Polarization Term. The third interaction
term corresponds to the polarization due to the
mutual approach of A and B. The necessary
matrix elements to calculate are as follows:

(22)

where I(B)A+j,i is the ionization potential of an elec-
tron of the ith MO of the system A, with one addi-
tional electron occupying the jth MO, in the ap-

proach of the system B, and E(B)A-i,j is the electron
affinity with respect to the jth unoccupied MO of the
system A, with one electron of the ith MO sub-
tracted, in the approach of the system B. More-
over,

(23)

This reduces, by the aid of the Mulliken approxima-

tion, to:

(23')

in which:

(24)

where:

The case of a single-site interaction between the

atom a of A and the atom β of B is taken for the

34) K. Fukui, H. Kato and T. Yonezawa, This
Bulletin, 34, 1111 (1961).

35) This fact does not imply that the term D is not
important in the radical interaction of a molecule. One
must note that a majority of radicals involve a polar
character, so the Coulomb interaction part of Eq. (16)
still remains important.
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sake of simplicity, in which the overlap integrals are

neglected. This is a case of aromatic substitution

in which only the 2pπ AO's are taken into account.

Then, we have:

(24')

which is proportional to the net charge of the atom β

of the system B. This equation is useful for under-
standing the physical meaning of Eq. (23). The
approximate formula of II can be obtained by using
Eq. (23'):

(25)

If we consider that the quantity (Zβ-Nβ)/Rγ β in

Eq. (24') for a definite distance of approach is con-
sant with regard to a given reagent, B, and denote
it by δr, we obtain as the first half of II:

in which:

(26)

(εAf=-E(B)A-i,j, εAi=-I(B)Ai; β is an ap-

propriately-chosen energy unit)

is of the same form as the well-known self-atom
polarizability defined by Coulson and Longuet-Hig-
gins in discussing the property of conjugated mole-
cules.8a)

In this way, it has been demonstrated that the
generalized scale of reactivity for an interaction be-
tween two chemical systems breaks up into the
Coulomb interaction term of the atomic charge, the
exchange interaction term, the delocalizability term,
and the polarizability term. In some chemical
reactions, some of these terms may be less important
than the others. As has been discussed earlier, the
polarizability term is usually less important than
the delocalizability term in ionic reactions, and the
exchange interaction term is not important except in
special cases. In a case in which one of the charge-
transfer configurations possesses nearly the same
energy as the initial one, the corresponding term be-
comes particularly important, whereas none of ex-
cited configurations can be importantt since none of
them can possess the same energy as the initial one.
The Coulomb interaction of the atomic charge is
appreciable in a long-range interaction, but it will
become less and less important as the reaction pro-
ceeds and as an appreciable amount of charge is
transferred from the donor to the acceptor, which
thus "neutralize" each other.

The nuclear configuration change which is caused
by the interaction described above and which is left
out of account in the present paper will be discussed
in a forth coming paper with reference to the general
features of the chemical reaction.


